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1.0 INTRODUCTION 

The human health and ecological nsks from chemcals, metals, and ra&onuchdes remining 
at the Rocky Flats Environmental Technology Site (RFETS) (the Site) after remediation 
activities must be assessed to ensure that the post-reme&aaon state is protective of human 
health and the ecosystem Human health and ecological nsks will be assessed in the 
Comprehensive fisk Assessment (CRA) for R E T S  This document outlines the CRA 
Methodology to be used to calculate human health and ecological nsks at RFETS (Figure 1- 
1) 

Figure 1-1 
CRA Process 

I 

SECTION 7 
Ecological Rtdc Evaluation 

*Data quality objecbvcs 
=Pcoc selection 
*Screen ALs wlSSVs 
*Review residual nsk in BZ 

CompnhcnshrcRisk 
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Data will be collected from all areas of REETS to support the data needs of the CFU The 
data collected wlll assess the nature and extent of contarmnants in surface soil, subsurface 
soil, building debns, groundwater, surface water, and sdments, to ensure that human health 
and ecological nsks from post-closure uses are protective 

Human health nsks for the CRA will be calculated based on the post-closure land uses at 
RFETS These land uses are industnal, recreational open space, wildhfe refuge open space, 
and offsite residenbal The onsite industnal, recreabonal and wildlife refuge land uses, as 
well as an offsite residential land use, will be evaluated on a Sitewide basis R s k  wdl 
imtlally be evaluated based on the exposure umts @Us) applicable to the future land uses at 
RFETS Data will be aggregated across EUs to compare with the Rocky Flats Cleanup 
Agreement (RFCA) surface soil action levels (ALs), and also aggregated across each type of 
environmental medla and bulldlng matenal to develop human health risks associated with 
Sitewide and EU-specific COCs 

Ecologcal nsks for the CRA will be evaluated using a &ect compmson of nsk-based actton 
levels agatnst Site data Mda-specific achon levels wdl be expressed as concentrattons that 
can be lrectly compared to the Site environmental data. The cntena for th~s screen wdl be 
developed for vmous types of receptors (omnivorous mammals, piscivorous brrds, etc ) and 
will represent ecotoxicologically 'safe' exposures for each of the potenhal chemcals of 
concern (PCOCs) for each receptor group Ths approach 1s sirmlar to development of 
Prehrmnary Remdabon Goals (PRGs) for human health nsk assessments @PA 1989), and 
allows more efficient evaluahon of envuonmental data for possible nsk to toxlc exposures. 
The Site envuonmental data for the ecological nsk evalu&on will be collected accodmg to 
the Industnal Area (LA) Samphng and Analysis Plan (IASAP) (DOE ZOOO) Site data can be 
aggregated across an MSS, a remediatlodexcavatton area, or compared on a pomt-to-point 
basis to the me&a-specific achon levels 

The nature and extent of contamtnants in Indmdual Hazardous Substance Sites (IHSSs), 
Potenhal Areas of Concern (PACs), Under Bml&ng Contamtnmon (UBC) Sites, Bud&ng 
Debns (BD) Sites, and Whte Space (WS) Areas (areas with no known contammation), will 
be assessed to support the CRA The nature and extent of contaminants m IHSSs, PACs, and 
UBC Sites, and WS Areas in the IA will be determmed accordmg to the IASAP The nature 
and extent of COCs in MSSs, PACs, and WS Areas m the Buffer Zone (BZ) wdl be 

FY2001) The nature and extent of COCs in BD sites wdl be detemned usmg the bwldmg- 
specific Pre-Demolitton Survey Reports 

"Ius report is orgamed to descnbe the human health and ecologcal aspects of the CRA 
Methodology Human Health specific methods are descnbed first rn SectJons 2.0 through 6 0 
Ecological nsk assessment methods are descnbed 111 Sectton 7 0 The CRA Report 
Orgamzahon is descnbed in Section 8 0 

detemed accordmg to the BZ Sampling and Analysis Plan (BZSAP) (to be completed in s. 
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Step 1 State the problem, 

Step 2 Idenbfy the decision, 

Step 3- Idenhfy the mputs to the decision, 

Step 4 Define the study boundanes, 
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2.0 DATA EVALUATION PERFORMED ON AN EXPOSURE UNIT AND 
SITEWIDE BASIS FOR HUMAN HEALTH RISK PURPOSES 

Data evaluation and aggregaQon will be performed on an exposure unit and sitewide basis for 
the Human Health k s k  Assessment (HHRA) Methods are descnbed below The data 
quality objective (DQO) process specifies project decisions and techmques necessary to 
generate quality data and make associated conclusions Each step of the process is descnbed 
below 

2.1 DATA QUALITY OBJECTIVES 

The DQO process is a series of plannmg steps based on the scientific method designed to 
ensure that the type, quanbty, and quality of envuonmental data used m decisionmalung are 
appropnate for the intended purpose The EPA has issued gudelines to help data users 
develop site- and project-specific DQOs @PA 1994a) The DQO process is intended to. 

Clarrfy the study objectwe, 

Define the most appropnate type of data to collect, 

Detemne the most appropnate condibons under whtch to collect the data, and 

Specify acceptable levels of decision errors that will be used as the basis for 
establishmg the quanbty and quality of data needed to support the design 

The DQO process specifies project declsions, the data quality requlred to support those 
decisions, specific data types needed, data collecbon reqwrements, and analfical techniques 
necessary to generate the specfied data quahty The DQO process consists of seven steps 
Each step influences choices that will be made later in the process These steps are as 
follows 

Step 5 Develop a decision rule, 

Step 6 Specify tolerable lrrmts on decision errors, and 

Step 7 Opurmze the design 
/ 

During the first six steps of the DQO process, the planning team develops decision 
performance cntena (1 e , DQOs) for the data collecQon design All decision rules need to be 
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considered, as appropnate The final step of the process involves developing the data 
collecbon design based on the DQOs 

2.1.1 

The human health nsks from contamtnants in environmental media and buillng matenal at 
RFETS need to be quantified to detemne whether the final remedy at RFETS is protecbve 
of human health In order to quantify nsks, the nature and extent of COCs must be 
adequately assessed to charactenze human health nsks at RFETS and the methodology by 
which human health nsks are calculated must be developed 

The problem is 'The human health nsks from envlronmental media and buldng matenal 
must be quanbfied in a techcally sound and defensible manner " 

DQO Step 1: State the Problem 

2.1.2 DQO Step 2: Identify the Decision 
The CRA quesbons that need to be resolved are hsted below 

1 

2 

3 

4 

2.1.3 

Have the nature and extent of chemcals, metals, and rahonuclides withm MSSs, 
PACs, UBC Sites, BD Sites, and WS Areas been identified with adequate confidence, 
based on site hstory (process knowledge) and analytical data7 

Has a methodology been developed to adequately assess human health mks to 
support Site regulatory closure7 

Are long-term nsks to human receptors in an EU acceptable, based on probable post- 
closure uses7 

Are long-term nsks to onsite and offsite receptors via the i r  and surface water 
pathways acceptable, based on post-closure uses? 

DQO Step 3: Identify the Inputs to the Decision 
The information needed to resolve the CRA decision statements descnbed above is hted 
below 

1 Charactenzatlon data from Remelal Invesbgabon (RI Reports), Resource 

Feasibility Stu&es (FSs)/Correct.we Measure Stules (CMSs), Remedlal Acbon 
Reports, Integrated Momtomg Plan (IMP) Reports, Pre-DemoliQon Survey Reports, 
and other projects and data sets, including IASAP-generated, hstoncal, and IMP data 
(e g , concentratlons of contarmnants in surface and subsurface soil, surface water, 
groundwater, atr, and biota), wd be used as inputs to the CRA 

2 All avilable hstoncal informabon, sampling data, and nsk assessment reqmments 
will be used to detemne adequate sampling locabons and densiQes for MSSs, PACs, 
UBC Sites, BD Sites, and W S  Areas to support CRA decisions 

3 All chemcal, metal, and rdonuchde data will meet requirements set forth 111 the 
Guidance for the Data Usab&ty in k s k  Assessment (EPA 1992a). 

Conservabon and Recovery Act (RCRA) Facility I n v e s t i g a b o n m  Reports, " 
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4 All chermcal, metal, and ra&onuchde data to be used in the CRA will be screened 
through the Data Quality Fdter (DQF) (DOE 2000) for each type of environmental 
media and building matenal as prescribed in thls CRA Methodology document All 
avalable data will be screened 
All data used in the CRA will also be screened through the COC selection process as 
prescnbed in this CRA Methodology for each type of environmental media and 
buildmg matenal separately All data that passes the DQF wdl be screened 

6 All data used in the CRA will also be screened using professional judgement to 
ensure the data meet nsk assessment needs as prescnbed in thls CRA Methodology 
The screening will be performed according to environmental media and budding 
matenal All COC data wdl be screened 

7 All data that passes steps 43, and 6 will be used to calculate the human health nsks as 
prescnbed in this CRA Methodology Human health nsks from all COC data will be 
calculated 

5 

2.1.4 DQO Step 4: Define the Study Boundaries 

Decision boundmes are used to d e t e m e  when and where data will be collected These 
decision boundmes are listed below 

The data associated with MSSs, PACs, UBC Sites, BD Sites and WS Areas will be 
aggregated into EUs as designated in Sectron 2.4 below. EU assessments are applicable 
to surface soil only 
EU sizes and methods for development are documented in Secbon 2 4 The slze of an 
EU is based on the potenhal land uses and receptors (Figure 1 of Attachment 5 to RFCA 
[DOE 1996a1) An addibonal EU is being developed for an onsite wildhfe refuge 
worker An EU is not defined for an offsite resident 
AL compmsons will be performed on aggregated data for the COCs contamed in an EU 
to account for direct exposure, including contact with multiple contarmnants 
The data associated with MSSs, PACs, UBC Sites, BD Sites, and WS Areas will be 
incorporated into Sitewide analyses for the air and surface water pathways as designated 

soil, building debris, groundwater, surface water, and sediments 

The spabal extent of the Sitewide assessment will consist of all avalable sample results 
for each environmental media and budding matenal Sitewide 
The CRA modeling effort wdl include the assessment of the a n  and surface water 
pathways on a Sitewide basis The contarmnant load to surface water mcludes COC 
transport from surface soil, unsaturated and saturated zone soil, BD, and sdments The 
modeling effort will support the denvation of exposure pomt concentrations (EPCs) for 
land uses identified 111 Figure 1 of Attachment 5 to RFCA (DOE 1996a), as well as an 
onsite wildlife refuge worker, and an offsite resident 

Sod from 0 to 6 inches wlll be assessed as surface soil. Soil from 6 inches to the top of 
the saturated zone or top of bedrock, as appropriate, will be assessed as subsurface soil. 

rn the CRA Methodology Sitewide analyses are applicable to surface soil, subsurface * 

5 
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8 Temporal constrants for environmental medla will be based on the hmeline for 
hlstoncal sampling and analysis achvihes Also, temporal analyses will be applicable to 
the maptude  of groundwater and surface water sampling results over time 

2.1.5 DQO Step 5: Develop a Decision Rule 

The decision rules for the data evaluahon are listed below 

1 If the nature and extent of chemcals, metals, and ralonuclides are known for an EU 
with sufficient certamty, so that human health nsks and doses can be adequately 
quanhfied, then adltional samphng and analysis will not be performed Otherwise, 
adlhonal sampling and analysis will be performed 
If human health nsks and doses are acceptable for RFETS, then a No Further Remedial 
Action Corrective Action DecisiodRecord of Decision (CADROD) will be developed 
Otherwise, further evaluation, management, or remechation will be reqwred 
The following cntena will be used to detemne whether the human health nsks and 
doses are acceptable 

2 

3 

a) Are human health carcmogetllc nsks for cllrect contact by a receptor with 
chemcals, metals, and radlonuchdes (as detemned by the AL screen) in soil in 
an EU and from iur and surface water pathways due to contact, ingeshon, or 
inhalabon, as detemned by a forward nsk assessment, greater than 10"' for the 
appropnate land use7 If yes, then evalmon, management, or remediahon is 
necessary If no, then no further r emda l  w o n  is necessary 

b) Do human health noncarcinogemc nsks for a receptor from chemcals and metals 
(as detemned by the AL screen) in soil m an EU and au and surface water 
pathways due to contact, ingeshon, or mhalmon, as detennrned by a forward nsk 
assessment, have a hazard index (HI) greater than 1 for the appropnate land use 
(e g , open space visitor, office worker, or wlldlife refbge worker land use)? If 
yes, then evaluabon, management, or rem&&on is necessary If no, then no 
further remelal action is necessary 

c) Is rda t ion  dose to an mdmdual from duect contact with rachonuclides (as 
detemned by the AL screen) m soll in an EU and au and surface water pathways 
due to contact, mgesbon, mhalat~on, or external irrach&on, as d e t e m e d  by a 
forward nsk assessment, greater than the acceptable annual radtahon dose limt of 
15 mdlirems (mrem) for an open space vsitor, office worker, or wlldlife refuge 
worker land use, or 85 mrem for a hypothetical future resident, whlchever is 
lower7 If yes, then evduahon, management, or remecbahon is necessary If no, 
then no further remedial achon is necessary 

d) Is ralation dose to an inlvidual from mhonuchdes in au and surface water due 
to contact, ingeshon, or inhalahon, as detemmed by a forward nsk assessment, 
greater than the acceptable annual r d a h o n  dose lurut of 15 mrem for the offsite 
resident? If yes, then evalumon, management, or r e r n d a o n  is necessary If no, 
then no further remedial action is necessary. 

6 



a 
Draft Comprehensive Risk Assessment Methodology 

2.1.6 DQO Step 6: Specify Tolerable Limits on Decision Errors 
Sources of uncertambes in the risk assessments will be idenufied and rmmmned 

2.1.7 DQO Step 7: Optimize the Design 
The nature and extent of COCs in MSSs, PACs, UBC Sites, and WS Areas will be 
adequately assessed to support the CRA The nature and extent of COCs in IHSSs, PACs, 
and WS Areas in the IA wdl be detemned accordmg to the IASAP The nature and extent 
of COCs in MSSs, PACs, and WS Areas in the BZ will be detemned accordmg to the 
BZSAP (to be completed in FY2001) The nature and extent of COCs in W S  Areas across 
RFETS will be determlned according to the IASAF' and BZSAP (to be completed in 
FY2001) The nature and extent of COCs in BD sites will be determlned usmg the budQng- 
specific Pre-Demohhon Survey Reports If detemnation of the nature and extent is found to 
be inadequate, further sampling will be iniuated 

2.2 DATA QUALITY FILTER 
The DQF is presented in the P re lmary  Data Quality objecbves for the IASAP @OE 
2000) Data in the Sitewide environmental soillwater database (SWD) are ate& (by means 
of Microsoft ACCESS quenes) for quality requmments pnor to their use in IA rnvitles and 
CRA The DQF accepts, conchonally accepts (qualifies), or h s q d f i e s  data, for use m the 
IA activities and CRA, based on each decision cntenon descnbed below. Descr~pt~oons of the 
filter cntena are consistent with associated flowcharts (Figures 13.14, and 15 of the IASAP 
[DOE 2000]), startmg from the upper left of the page and concludmg at the lower right 

The filter first segregates sample results by geographlc locatlon and then by val iwon 
qualifier Subsets of envuonmental data produced at RFETS were, and are currently, 
validated to yield three basis categones rejected, vahd, and acceptable with quahficahon 
All rejected data were ormtted from further use m the CRA 

Analyt~al results are then assessed with respect to thelr associahon with val~dated laboratory 
batches Many data have no formal vahdabon qualfiers, if these data can not be associated 
with laboratory batches contamng other valid data, a qualificahon is assigned 

The filter then segregates sample results by nondetected results where negatwe bias (result 
lower than expected) may be present, as in&cated by the validahon qualifiers. The qualifiers 
are not explicit as to whether the bias is positwe or negabve As a result, the potentral for 
negative bias in nondetectlons must be idenhfied by evaluatmg the quahfier reason codes for 
both remediabon and nsk assessment decisions 

The sample results are then assessed with respect to approvedkontrolled documents used for 
field sampling Vahd (usable) data require the use of quahty controls m sample collectlon, a 
basic element of whch is the use of approved and controlled procedures This filter consists 
of a date query that idenhfies samples collected in the field under approved and controlled 
procedures and considered to be withm an estabhshed quality-controlled program. 

1 
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2.3 DATATYPES 

All types of environmental m e l a  and bulding matenal will be sampled and/or surveyed to 
support the EU evaluation and Sitewide human health nsk evalumon 111 accordance with h s  
CRA Methodology Human health nsks will be estimated by comparvlg the COC 
concentrations in an EU with the RFCA surface soil ALs The onsite EU assessments will be 
augmented with human health nsks from the Sitewide ax and surface water pathways 
Human health nsks for the offsite residential exposure scenmo will be assessed through the 
Sitewide a r  and the surface water pathways only Human health nsks wlll be calculated 
based on the exposure scenanos, exposure pathways, and exposure routes apphcable at 
R E T S  in accordance with the CRA Conceptual Site Model (CSM) A CRA CSM has been 
developed for each land use descnbed in RFCA and the wildbfe refuge open space use 
currently being considered by the U S Congress 

Contarmnants are present in environmental me&a from pnmary sources and transport 
processes in the environment The pnmary sources of contarmnants at RF%TS are surface 
soil, subsurface soil, buildmg debns, and selments. Clean fill wrll be placed over the 
building debns before the post-closure land uses at RFETS are applicable. Therefore, the 
exposure pathways associated with buldmg rubble are the same as exposure pathways 
associated with subsurface soil. Groundwater, surface water, and au contam contarmnants 
due to transport processes from the pnmary sources 

Risk and dose will be calculated from contarmnants present in surface sod, sediment and 
surface water because receptors are drectly exposed to these rnecha (see CSM) k s k  and 
dose will not be dlllrectly calculated from contaminants present in subsurface soil, buldmg 
debns, or groundwater because an indlvidual cannot be dlrectly exposed to these media at 
RFBTS Sedlments are a special case an indvidual can be dmctly exposed to sedments on 
a pond or channel shorelme, but generally not to sedlments underwater m a pond or tnbutary 
Underwater sedunents may be assessed for the wildlife refuge worker scenano, if 
appropnate Contarmnants present 111 surface soil and a m e n t  can be resuspended 111 ax and 
transported Inhalahon exposures wdl be assessed for surface soil and sedments. COCs 
present in subsurface sod, bwldlng debns, groundwater, and sedunent can be transported to 
surface water where human health nsks wdl be eshmated 

I 

Surface soil and sedunents will be sampled to support the HHRA due to du-ect mgesuon of 
soillsediment, dermal contact from soillsediment, mhalahon of fesuspended soll/sedment, 
and external d a b o n  from soil/se&ment exposure pathways 

Contarmnant concentrabons m au will be modeled to support the HHRA due to dmxt 
inhalahon A x  contarmnant concentrahons will be d e t e m e d  from the Sitewide surface sod 
and sehment contarmnant concentrahons by enwonmental transport modelmg to support the 
calculation of human health nsks for the CRA Integrated Momtonng Plan (IMP) data will 
be used for model v a l i h o n  

Surface water will be modeled to support the human health nsk assessment due to du-ect 
ingeshon of surface water and dermal contact with surface water. Surface water contarmnant 
concentrahons will be detemned from surface soil, subsurface sod, buldmg debns, 
groundwater, and d m e n t  contarmnant concentrahons by environmental transport modeling 
Contarmnation present in surface water from surface water runoff and erosion will be 
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Exposure 
Basis 

Onsite Office 
Worker 

Onslte Open Space 
Visitor 

Onsite Wildlife 
Refuge Worker 
Offsite Resident 
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Pathway Analysis Water Pathway 
Analysis 

X X 

X X X 

X X X 

X X 

modeled to support the calculahon of human health nsks for the CRA IMP surface water 
data will be used for model validahon 

Contmnants present in groundwater can contnbute to contarmnation in surface water 
through seeps Therefore, groundwater contaminant concentrations will be detemned from 
sampling data and modeling of subsurface contarmnant concentrahons Groundwater 
transport of contarmnants will be modeled to support the calculabon of human health nsks 
for the CRA The leachng of contarmnants present in subsurface soil and building debns to 
groundwater, and subsequent movement to surface water, will be modeled to support the 
assessment of human health nsks for the CRA 
Contarmnants present m sdments  contnbute to contarmnahon in surface water through 
dmolubon and resuspension Sedment interacbons with surface water will be modeled to 
support the calculahon of human health nsks for the CRA 

All types of envmnmental medla and bwldmg matenal will be sampled, surveyed, and 
analyzed to support the CRA requirements Sampling results will be compared to modeling 
results to ensure that model prdchons are satisfactory Surface soil, subsurface soil, 
building debns, groundwater, surface water, and sediments will be sampled, surveyed, and 
analyzed 

2.4 

Sampling and mdehng contarmnant data for onsite envmnmental medla that meet the DQO 
and DQF requirements will be used to estunate human health and ecological nsks on an EU 
basis, augmented with Sitewide au  and surface water assessments An EU is the area in 
whch an mdmdual is expected to be exposed to contarmnants in surface soil and Mments ,  
and is dependent on the exposure scenano (Sechon 5.2.2). Human health nsks wdl be 
calculated for an offsite resident using Sitewide au and surface water analyses The types of 
data aggregahon to be performed for the HHRA are outlined in Table 2- 1 below 

DATA AGGREGATION M)R RISK ASSESSMENT 

Table 2-1 Data Aggregation for "RA 
I ExposureScenarid I Exposure Unit I Sitewide Air I SbwidsSurface I 

Data for surface sod, subsurface sod, bwldmg debns, groundwater, and a m e n t s  will be 
aggregated on a Sitewide and EU basis to eshmate exposure concentrabons and intakes to 
perform the CRA 
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2.4.1 

An EU size of 30 acres is designated for areas of RFETS idenhfied as light industnal land 
use, based on an analysis of established industnal area sizes in Boulder, Colorado The value 
of 30 acres was denved from the following data summanzed from data displayed on Figure 
2- 1 

Industrial Area Exposure Unit Development 

There are 15 established industnal areas in Boulder 

The average industnal area sue, based on all 15 established industnal areas, is 
61 9 acres 

The 61 9-acre average includes one very large industnal area of 489 2 acres When 
the 489 2-acre area is omtted from the calculahon, the average indusmal area size is 
31 4 acres 

The median industnal area size, based on all 15 rndustnal areas, is 32.1 acres 

An area of 30 acres for the office worker scenano was used in previous nsk 
assessments at FGETS 

Data will be aggregated for EUs of 30 acres to calculate exposure concentrahons for the 
office worker scenano 

2.4.2 Open Space Wildlife Refuge Worker Exposure Unit Development 
An EU size for the wildlife refuge worker scenano will be determmed after more detzuis 
about the planning for the proposed RFETS wildlife refuge land use is known 

2.4.3 Recreational Open Space Visitor Exposure Unit Development 

The EU area associated with the recreahonal open space land use is very large The scenmo 
is based on open space usage data for Jefferson and Boulder Counhes for hdcers, bikers, and 
runners The true extent of thls EU could encompass all MSSs and PACs at RFETS The 

methodology 
size of the EU will be decided through &scussions with CDPHE and EPA for the final Y 

2.4.4 Data Aggregation for Sitewide Pathways 
There will be no EU designated for the offsite residenhal exposure scenmo for several 
reasons 1) All COCs will be transported to the offsite resident (Figure 2-2), and 2) offsite 
envlronmental media data will not be collected to assess human health nsks to the offsite 
resident This data has already been collected and assessed Therefore, it is not approprrate 
to designate an EU for the offsite resident. 
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0 3.0 HUMAN HEALTH CHEMICAL OF CONCERN IDENTXFICATION BY 
SITEWIDE UNIT AND EXPOSURE UNITS 

Chemcal of concern (COC) selecbon and accompanying toxicity assessments for human health 
are descnbed below COCs will be carefully selected to ensure that nsk is assessed for the 
contmnants most llkely to cause harm upon human contact The appropnate transport 
mechanisms and EUs for the COCs are descnbed below in Section 4 0 Toxicity assessments 
descnbe the potenbal detriments to human health when COCs are contacted 

l k s  secbon descnbes the methodology used to idenbfy a list of COCs in each envmnmental 
medlum that may pose human health hazards (EPA 1995) Once idenbfied, COCs will be used 
rn the quantitatwe risk assessment to charactenze risk for potenoal future human receptors 

3.1 
COCs will be idenbfied on a Sitewide basis and an EU basis The Sitewide COC list wdl be 
developed first Exposure Unit -specific COC lists will be based on areas that contain chemicals, 
metals, and radionuclides above the FWCA Tier II AL The most restncbve of the three potenbal 
land uses (industrial office space, open space, and wildlife refuge) will be used hdmdual EUs 
will have specific COCs, because hstoncal use of chemcals vaned across the Site The EU- 
speclfic COC lists will elimnate unnecessary nsk calculabons, and customrze the PPRG screens. 

Data will be aggregated on a Sitewide basis by medlum and analyte pnor to initrabon of the 
screemng process A summary presentation of the data will mclude 

SELECTION OF CHEMICALS OF CONCERN 

1 Chemcalname, 
2 
3 Reported detecbon limt, 

4 Frequency of detection, 
5 Mnimum detected concentrwon, 
6 Mwmum detected concentrabon, and 

7 Anthmebc mean concentrahon 

Chemcal-specific contract-reqwed quanbtaQon llrmt (CRQL), 

1 

The selecbon of COCs will follow the stepwise process ouhed on Figure 3-1. At each decision 
pomt, a chemcal will be elirmnated or retamed for further consideration All analytes under 
considerabon will be referred to as potential chemcals of concern (PCOCs) unbl the last step of 
the selecbon process has been completed The process begm with all avsulable envmnmental 
data for the entxe Site Envlronmental &a that wd be included in the COC selectron process 
are surface sod, subsurface soil, groundwater, and sediment. The PCOCs passing the DQF, 
descnbed in Secbon 2 2, will be screened to elirmnate essenbal nutnents and major caons  and 
anions that pose no health nsks A background cornpanson to lstinguish sample data above 
background concentrabons will then be performed on inorgmcs and ra&onuclides Next, 
temporal and spabal analyses will be performd on analytes with less than 5 percent detecaon 
frequencies and Sitewide maximum concentrabons greater than the Tier I ALs to detemne 
whether they will be considered a “special case COC ” If the detecbon frequency for an analyte 
is greater than 5 percent, the analyte’s maximum Sitewide concentration will be compared to the @ 
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Screen out Essential Nutrients/ 
Major Cabons and Anions 

Tier II ALs If the concentration is greater than the Tier II AL, the analyte will be considered a 
PCOC All deletions and additions will be exammed using professional judgement to complete 
the COC list Each step in the CDC idenaficaaon process is descnbed in detad in Sections 3 1 1 
through 3 17 

0 
Figure 3-1 

COC Identification Process 

P- 

I Filter the Sitewide Data Set with the DQF I 

1 

4 
Sitewide COC 

* Rofessiond Judgement appkd to these cvaluatlons 
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3.1.1 Data Quality Filter 

The DQF 1s descnbed in Secbon 2 2 All avsulable Site envvonmental analytxal data for each 
medium (subsurface soil, surface water, groundwater, and sdments) will go through a senes of 
quenes to ensure the following 

Validation qualifiers are appropriate If they are not present, associabon with validated 
laboratory batches wdl suffice (A distmct data qualifier used to idenbfy data as such ) 

Potenbal negahve biases in nondetections have been assessed for accuracy 

0 Approved and controlled procedures in the field were in use for sample collechon 

3.1.2 Elimination of Essential NutrienWajor Cations and Anions 
Conshtuents may be elimnated from the risk assessment If they are essenbal human nutnents 
(EPA 1989a) Commonly detected chemcals considered to be an essenhal part of a dsuly human 
l e t  @PA 1994b) mclude 

Calcium, 

Iron, 

Magnesium, 

Potassium,and 

sodlum 

Other essential nutnents may be added to this list through consultabons with EPA and the State 

Nitrate, mtnte, amrnomum, and fluonde have oral toxlcologrcal factors and are associated with 
water quahty parameters Therefore, these four aniondcabons need to be assessed in 
groundwater and surface water However, sulfide, bicarbonate, bromde, carbonate, chlonde, 
orthophosphate, and sulfate have no toxicological factors and wdl be elirmnated from 
assessments m groundwater and surface water Anions/c&ons wdl not be assessed m sod and 
sedrments. 

A summary table of essenhal nutnents, major cations, and major mons, along with thelr 
ehmmahon status, IS provided in Table 3- 1 

15 

u 



Drafi Comprehensive Risk Assessment Methodology 

Table 3-1 Essential Nutrient and Major CatiodAnion 
Elimination from Risk Assessment 

I Sulfate I No I No toxicoloaical factors 

3.13 Background Analysis 

Background analysis is the compmson used to dmngwsh between contaminahon associated 
with Site actwitles and nonanthropogemc (naturally occurring) background cond&ons. 
Professional judgement wdl be applied to ensure the background data set is appropnate for 
compmson to the Site data set (e g , geologic condibons should be s d a r )  

The Geochemical Churactenzahon of Background Surface Soils Background Soils 
Charactenzahon Program, Fznal Report (DOE 1995a) wrll be used for the surface soil 
background data. The Background Geochemical Characterization Report (DOE 1993a) will be 
used for the remarung medla types 

Because the datnbuhon of contarmnmon onsite is not normally distnbuted, an Analysis of 
Vmance (ANOVA) usmg a ranlung method wdl be used to compare background concentrabons 
to Site concentraoons. "Ius ANOVA will be performed m accordance with EPA Regon VIII 
Supefind Technrcal Gwdance COC Selecbon Process @PA 1994b) If the concentraoons for a 
partlcular analyte are found to be sigmficantly greater than background levels, the analyte wdl be 
retined for further considerabon as a PCOC 

I 

3.1.4 Detection Frequency Filter 

All detected orgmc compounds and metals above background levels will be evaluated for thelr 
frequency of detecbon Compounds detected at a frequency of 5 percent or greater are 
considered PCOCs These analytes will be compared to Tier II ALs Compounds detected at 
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less than 5 percent frequency are not considered charactenstic of Site contarmnabon and the 
potential for exposure is low 

3.1.5 PPRG Screen 

Although frequency of detecbon is an important elimnaon cntenon to prevent spunous data 
from biasing estimation of nsks, an addbonal method will be used to prevent small areas 
contaming high contarmnant levels from being elimnated As a health-protecbve precaubon to 
ensure that hot spot contarmnants are not ehmmated as PCOCs, all chemcals that satsfy the low 
frequency of detection cntenon (less than 5 percent detecbon frequency) will be compared to 
Tier I ALs Tier I ALs are chemcal-specific, pathway-spec~c, and medmm-specific cntena, 
and are found in RFCA These values were developed using approved nsk assessment 
methodologies and represent screerung levels that should be used 111 a nsk-based compmson 

If the maximum detected value of an mfrequently detected contarmnant exceeds its respecbve 
Tier I AL for any pathway, the chermcal wdl be considered a special-case COC Professional 
judgement will be applied to special case COCs in accordance with Secbon 3 1.7 

Analytes with a frequency of detecbon greater than 5 percent wdl be compared to Tier II ALs to 
detemne the analytes present on Site with concentrabons greater than Tier II ALs. "Ius 1s the 
final analytical step of the COC idenbficabon process Therefore, any analytes at tlus stage wth 
concentrations greater than Tier II ALs, that also pass the professional judgement cntena W o n  
descnbed in Sechon 3 1 6, wrll be retamed as COCs 

3.1.6 Professional Judgement 

Professional judgement is narrowly defined for assessmg X O C s  It can be used to mclude a 
chemcal that &d not appear to be sipficantly dfferent from background based on the results of 
the statistical tests, but whch the nsk assessor believes should be included because of a 
preponderance of histoncal data suggesbng the chemcal may have been released m signtficaut 
quantities to the environment Professional judgement can also be applied to exclude a chemcal 
based on spabal, temporal, or pattern-recogmbon concepts 

Professional judgement wdl be lirmted to an analysis of spatial, temporal, and pattern- 
recognition concepts. 

1 Spahal analysis reqms that concenmons of each PCOC be plotted on a map; assessment 
of the plotted data should mdcate theu presence (or absence), or any trends m 
concentrabon, and assist in delixmtmg hot spots 

Temporal analysis is partmdarly relevant for groundwater data, where repeated samplmg at 
a well offers the opportumty to evaluate changes rn analyte concentrabons over time. Tune- 
senes plots are used for th~s evaluation Temporal analysis of data for sediment or other 
geologic matenals is less useful and may not even be applicable 

Pattern recogmhon includes such aspects as mterelement correlabons, sirmlanbes in 
geochermcal behavior, geochemical modelmg to deteme solubility controls on element 
concentrations, correl&ons, cornlabon between elemental concentrabons and c e m  
parameters (total suspended solids [TSS], the negabve loganthm of the hydrogen ion 
activity [pH], reductlon-oxidabon potentml [Eh or pe, where Eh=O 059*pe], clay content; 

2 
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organic content, cation-exchange capacity, etc.), and other recognizable patterns in 
elemental behavior Comparison between TSS (conhnued) and “total” metals or “total” 
ralonuchdes should lnlcate whether the analyte resides in the solid (partmlates or 
sediments) or aqueous phase (i.e , in solution) Note, however, that the human health nsk is 
based on unfiltered samples, thus, a chemcal cannot be excluded as a PCOC based on a 
good correlation with TSS Redox-sensihve species (sulfur, iron, vanadium, arsenic, 
anhmony, selenium, uranium, manganese, etc ) have mobihhes related to Eh, in addhon to 
pH and composition A geochemst will be consulted to evaluate these, and other, patterns 
of element behavior 

However, with regard to TSS correlahons, if the data analyst can show that TSS values in the 
sample markedly exceed those of background, thls may be grounds for elimnating a metal or 
rdonuclide TSS correlations wdl be carefully evaluated on a case-by-case basis 

In adlhon to these forms of professional judgement, the v d i l t y  of the application of stahstxal 
tests wdl also be evaluated For example, stahshcal compmson of data sets where one or both 
data sets have hgh  nondetect rates or hlgh value nondetects may well be an invalid use of the 
stahshcal tests (Gilbert and Simpson 1992) As noted by Helsel(1990), “ the fabnc&on of 
data followed by a t-test must be considered too arbitrary for use especially for legal or 
management decision purposes, and should be avoided ” The “fabrrcmon of data” here is the 
same as “replacement of nondetect data” (1 e ,  replacement wth  a value such as one-hdf the 
detechon Iimt, or a value generated by maxmum ldcelihood eshmahon calculahons) Helsel 
(1990) defines a “small” amount of censonng as less than 20 percent nondetects, a “moderate” 
amount of as 20 to 50 percent nondetects, and a “large” amount as greater than 50 percent 
nondetects (Note “censored” is used here m the stahshcal sense, as inlcahng those data below 
the analyt~cal detechon limt These data are used by replacement with a proxy value, such as 
one-half the detectton hmt,  or gven a ranlung m nonparametric tests) However, there IS an 
inherent uncemnty of stahshcal test results procured using data sets with greater than 50 percent 

In adlhon to lugh nondetect rates mvalidatmg the results of stmshcal tests, other potenhal 
pitfalls in the application of stahshcal tests include violabon of lstnbuhonal assumpbons, 
vmance assumpQons, data mdependence assumphons, etc If paramemc tests are used, the data 
sets wdl be normally lstnbuted and have approximately equal variances 

In summary, professional judgement wdl be applied on a case-bycase basis All such judgment 
wdl be backed up by thorough analysis of &he avdable evidence Maps, figures, and references 
supportmg the professional judgement will be included m the wntten evaluahon 

0 
I nondetects. 

L 

a 

3.1.7 EU-Specific COC Development 
EU-specific COCs will be developed by selectmg all Sitewide COCs with detechon frequencies 
greater than 5 percent and concentrahons greater than Tier 11 ALs All detections with 
frequencies 6% Sitewide will be screened agsunst Tier II ALs and analyzed spahally for 
inclusion as COCs (Figure 3-2) The associated sample locahons wlll be spatially orrented, and 
EU grrds wdl be placed on top of the locaons with the f d t e d  COCs Each EU’s mlvidual list 
of anlalytes will then be compded 
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Figure 3-2 Exposure Unit-Specific COC Development 

1 

1 

3.1.8 Presentation of Chemicals of Concern 
Examples of summary tables that will be developed as part of the COC selectlon process are 
presented in Tables 3-2 and 3-3 Table 3-2 will summarize data for each analyte and will be 
provided for each applicable mehum Table 3-3 will document the results of the COC selechon 
process for each analyte, includmg the followmg infonnabon: 

a 
Whether the analyte is significantly above or below background concentrations, 

Whether the analyte is an essentml nutnent, 

Its detecbon frequency, 

Results of the spaoal and temporal analysis, 

Results of the Tier I and 11 AL screens; whether the analyk is a specialcase COC, and 

Whether the analyte is a COC 
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Table 3-2 Data Summary for COC Selection by Environmental Media 

Table 3-3 COC Selection, Rationale for Selecting COCs 

I I 

I I I I I I I I 
Redtonuclides 

I 

1 
Notes 
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4.0 HUMAN HEALTH TOXICITY ASSESSMENT FOR CHEMICALS OF 
CONCERN 

Toxicity values are used to charactenze nsk, whde toxicity profiles summame toxicological 
information for radioactive and nonradioactive COCs Consistent with h s k  Assessment 
Guidance for Superfund (RAGS) Part A (EPA 1989a), toxicity mformabon is summarized for 
two categories of potenbal effects noncarcinogenic and carcinogenic These two categones 
have slightly dlffenng methodologies for estimatmg potenbal health nsks associated with 
exposures to carcinogens and noncarcinogens The toxicity assessment section of this 
Methodology discusses obtaning toxicity values and developing toxicity profiles (for those 
COCs listed in EPA's Integrated Risk Informution System (IRIS) or Health Egects Assessment 
Summary Tables (HEAST) 

The tomcity values used quantitatively in the "R4 will be obtzuned from two major sources 
The pnmary source of informabon is EPA's IRIS (EPA 2000a) IRIS contams only the tomcity 
values that have been verified by EPA's Reference Dose or Carcmogen fisk Assessment 
Verification Endeavor (CRAVE) Work Groups The IRIS database is updated monthly and, rn 
accordance with RAGS (EPA 1989a), supercedes all other sources of toxicity infornabon 

If the necessary data are not avadable in IRIS, EPA's most recent issue of HEAST (EPA 1997a) 
will be used It contans a comprehensive listing of provisional nsk assessment mfo-on that 
has undergone review and has the concurrence of individual EPA Program Offices, but has not 
had enough review to be recognized agency-wide as consensus mfonnabon (EPA 1997a) 
Values that have been withdrawn wdl not be used quantitatwely unless an EPA Reglon VIII 
toxicologst concurs with their use for RFETS nsk assessment HEAST wlll not be used for 
radionuclide slope factors Federal Guidance Report No 13 (Secbon 4 1.2) will be used as 
guidance for calculating radonuchde-specific cancer nsk (EPA 1999a) Route-to-route 
extrapolahon of toxicity values will not be performed at RFETS except where oral criterra are 
used for dermal exposures 

Secondary sources of information will be used quditawely in the HHRA EPA toxicologists, 
both regional and national, may also serve as informabon sources and prowde contact to the 
Environmental Cntena and Assessment Office for provisional values All mformabon sources 
will be documented in the toxicity assessment 

4.1 

Potential carcmogemc nsks will be expressed as an esbmated probabhty that an indmdual 
mght develop cancer from lifetime exposure Th~s probabiltty is based on projected intakes and 
chemcal-specific dose-response data called cancer slope factors (CSFs) CSFs and the estunated 
dzuly intake of a compound, averaged over a lifebme of exposure, are used to esbmate the 
incremental nsk that an indwdual exposed to that compound may develop cancer. There are 
two classes of potenbal carcinogens chermcd carcinogens and radionuclides For the purposes 
of toxicity assessmen!, each of these two classes of elements or compounds are &scussed 
separately below 

0 
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4.1.1 Chemical Carcinogens 

Evidence of chemcal carcinogenicity onginates pnmanly from two sources- lifebme studies 
with laboratory animals and human (epidemological) studles For most chemcal carcinogens, 
animal data from laboratory expenments represent the pnmary basis for the extrapolation 
Expenmental results are used to extrapolate data 

Across species (I e , from laboratory animals to humans), 

From hgh-dose regions (1 e , levels to whch laboratory animals are exposed) to low-dose 
regions (1 e , levels to whch humans are llkely to be exposed m the environment), and 

0 Across routes of admnistration (e g , inhalabon versus ingeshon) 

Federal regulatory agencies have traditionally eshmated human cancer nsks associated with 
exposure to chermcal carcinogens on the admtnistered-dose basis accordmg to the following 
approach 

The relationshlp between the adrmnistered dose and mcidence of cancer in an~mals is 
based on laboratory animal bioassay results 

The relationshp between the admmstered dose and mcldence of cancer in the lowdose 
range is based on mathemahcal models 

The dose-response relabonshp is assumed to be the same for both humans and animals if 
the admnistered dose is measured in the proper units 

Thus, effects from exposure to h g h  (1 e , admtmstered) doses are based on laboratory anunal 
bioassay results, whlle effects associated with exposure to low doses of a chermcal are generally 
estimated from mathemahcal models 

For chemcal carcinogens, EPA assumes a small number of molecular events can evoke changes 
in a single cell that can lead to uncontrolled cellular proliferahon and tumor mducbon Thls 
mechasm for carcinogenesis is referred to as stochastac, whlch means thee is theoretacally no 
level of exposure to a given chermcal carcmogen that does not pose a small, but fimte, 
probability of generating a carcmogemc response Because nsk at low exposure levels cannot be 
measured directly either in laboratory anunals or human epidemology stud~es, vanous 
mathematical models have been proposed to extrapolate from htgh to low doses (1 e., esbmate 
the dose-response relationshp at low doses) 

Currently, regulatory decisions are based on the output of the hmed mulhstage model @PA 
1989a) The basis of th~s model is that multiple events may be needed to yield tumor mducuon 
(Crump et al 1977) The lineanzed multistage model reflects the biologml variability m tumor 
frequencies observed in animal and human studles The dose-response relahonshlp prdcted by 
this model at low doses is essentially linear CSFs calculated for nonradiologml carcinogens 
using the multistage model represent the 95% upper confidence limt (UCL) of the probabihty of 
a carcinogencic response Consequently, nsk eshmates based on these CSFs are conservahve 

Y 

22 



Drafi Comprehensive Risk Assessment Methodology 

Evidence 
A 
B 

C 

D 
E 

estimates representmg upper-bound estrmates of nsk where there is only a 5 percent probability 
that the actual nsk is greater than the estrmated nsk 

Uncertamties in the toxicity assessment for chermcal carcinogens are dealt with by classifying 
each chemcal into one of several groups, according to the weight-of-evidence from 
epidemological studies and animal studies These groups are shown in Table 4-1 

Human carcinogen (suffcient evidence of carcinogeniaty in humans) 
Probable human carcinogen (81 - ltmlted ewdence of camnogeniaty in humans, 82 - 
suffcient ewdence of carcinogencity in animals wth inadequate or lack of evidence in 
humans) 
Possible human carcinogen (Iimlted evldence of carcinogenmty in animals and 
inadequate or lack of human data) 
Not classifiable as to human camnogenclty (inadequate or no ewJence) 
Ewdence of noncarcinogenmty for humans [no ewdence of carcinogeniaty in adequate 

Table 4-1 Carcinogen Groups 
I Weightsf- I Desoription 1 

The oral inhalatron CSFs for the COCs will be compiled 111 a table, mcludmg the weight-of- 
evidence, source reference, and date In addltron, as with reference doses (RfDs), the CRAVE 
Work Group believes that a umt conversion is reqwed to present inhalauon CSFs in the mts of 
per (mg/kg-day)-' Consequently, CSFs wdl also be provided for the rnhalahon route as umt 
nsks in umts of per mcrogram per cubic meter @g/m3) An example of a table of carcmogemc 
toxicity values and supporhng informatron is provided in Table 4-2 

Nonradionuclid 

Radionudldeg F 
COC n 

Table 4-2 Toxicity Constants for COO for Carcinogenic Effects 

u 

4.1.2 Toxicity Constants for Radionuclides 

A series of federal guidance documents have been issued by EPA for the purpose of providmg 
federal and state agencies with technical informabon to assist their implementation of radlatlon 
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protechon programs Federal Guidance Report No 13 @PA 1999a) provides numencal factors, 
called “nsk coefficients,” for estimahng nsks to health from exposure to radionuclides Th~s 
federal guidance report will be used to calculate nsk from radlonuclides It applies state-of-the- 
art methods and models that take into account age and gender dependence of intake, metabolism, 
dosimetry, radiogenic nsk, and competing causes of death in eshmabng the nsks to health from 
internal or external exposure to radionuclides It also provides tabulahons of cancer nsk 
coefficients for internal or external exposure to more than 800 rdonuclides through vanous 
envlronmental media 

Specifically, for a gven radionuclide and exposure mode, both a “mortality nsk coeffcient” and 
“morbidity nsk coefficient” are provided A mortality nsk coefficient is an esbmate of the nsk 
to an average member of the U S population, per umt achvlty inhaled or mgested for internal 
exposures or per umt hme-integrated activity concentrahon in ax or sod for external exposures, 
of dying from cancer as a result of intake of the radlonuclide or external exposure to its emtted 
radiabons A morbidity nsk coefficient is a comparable eshmate of the average total nsk of 
expenencing a radlogemc cancer, regardless of whether the cancer is fatal The term “nsk 
coefficient” (with no modlfier) is interpreted throughout as “mortality or morbidlty nsk 
coefficient ” For conservahsm, the risk coefficient associated with morbidty wdl be used to 
charactenze human health nsks 

4.2 IDENTIFICATION OF TOXICITY VALUES FOR NONCARCINOGENIC 
EFFECTS 

Potenhal noncarcinogemc effects will be evaluated m the nsk charactenzabon by compamg 
darly intakes (calculated in the exposure assessment) with chromc RfDs developed by EPA 
l h s  sechon defines RfDs and dmusses how they will be apphed in the nsk assessment 

A chromc RfD is an estimate (with uncertamty spannmg perhaps an order of magmtude) of the 
dady exposure that can be incurred dunng a lifebme, without an appreciable nsk of a noncancer 
effect being incurred in human populahons, including sensitwe subgroups @PA 1989a). The 
RfD is based on the assumphon that thresholds exist for noncarcmogemc toxlc effects (e.g., liver 
or hdney damage) FUDs are typically calculated by dlvldmg a dose (representmg a no- 
observed-adverse-effect level [NOAELIor a lowest-observed-adverse-effect level&OAEL]), at 
wbch there are no sipficant measurable effects produced, by an uncertamty or safety factor 
that typically ranges from 10 to 10,OOO The RfD is rounded to one significant figure and is 
presented m u t s  of mag-day Thus, there should be no adverse effects assmated with 
c b m c  dady mtakes below the RfD value Conversely, if chromc M y  intakes exceed ttus 
threshold level, there is a potential that some adverse noncarcmogemc health effects rmght be 
observed m exposed indlviduals 

RfDs have been denved by EPA for both oral and inhalahon exposures However, m January 
199 1 , EPA replaced inhalation RfDs with reference concentrations (RfCs) RfCs are expressed 
in tern of concentrahons in a r  (mg/m3), not in terms of “dose” (mg/kg-day). 

Chromc oral inhalabon RfDs and RfCs for the COCs will be compiled in a table for the CRA 
The table will provide information on the uncertamty factors used to denve the RfDs, overall 
confidence in the RfD (as provided in IRIS), and target organs and cnbcal effects that are the 
basis of the RfD The table will also indicate how specific lnhalatron RfDs are denved (e.g , 
through a route-to-route extrapolation from the oral RfD or extrapolation from the RfC). An 
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example of a table for presentation of noncarcinogenic toxlcity values and supporting 
informatron is provided as Table 4-3 e 

Table 4-3 Toxicity Constants for COO for Chronic Noncarcinogenic Effects 

4.3 IDENTIFICATION OF RADIONUCLIDE DOSE CONVERSION FACTORS 
Dose coefficients will be dehneated accordmg to federal pdance @PA 1988a and 1993) 
These documents will be used to tabulate dose coefficients for the comtted effechve dose 
equivalent to bssues of the body per umt actrvity of inhaled or ingested radionuchdes The 
reports set forth denved p d e s  consistent with current federal rixhahon protection gudance 
The gudes are intended to serve as the basis for regulatrons settmg upper bounds on the 
inhalabon and ingeshon of, and submersion in, radioactrve matenals in the workplace The 
reports also include tables of exposure-to-dose conversion factors for general use in assessing 
average m&vidual comrmtted doses m any population adequately charactenzed by Reference 
Man (ICRP 1975) 

The dose coefficients for external exposure to rdonuchdes dstnbuted in ar,  water, and sod will 
be tabulated in accordance with Federal Guidance Report No 12 (EPA 1988a and 1993) 

The dose coefficients are based on previously developed dosmetnc methodolopes and mclude 
the results of calculatrons of the energy and angular dstnbutrons of the &mons incident upon 
the body and transport of these dahons  withn the body Part~cular effort was devoted to 
expanhg the mformauon avalable for the assessment of the rixhatton dose from rdonuchdes 
lstnbuted on or below the surface of the ground 

Generally, dose coefficients for external exposure relate the doses to organs and ussues of the 
body to the concentrabons of rdonuchdes in environmental medla Because the rdmons mse 
outside the body, tlus is referred to as external exposure Th~s situatron is in contrast to the 
intake of radronuclides by inhalahon or ingestion, where the radlatlons are emtted inside the 
body In either cxcumstance, the dosimetnc quanhhes of interest are the d a b o n  dose received 
by the more ra&osensitwe organs and tissues of the body. For external exposures, the lunds of 
radatron of concern are those sufficiently penetratrng to traverse the overlyng tmues of the 
body and deposit iomzing energy in radlosensibve organs and trssues. Penetratmg radiations are 
limted to photons, includmg bremsstrahlung, and electrons. The radlahon dose depends 
strongly on the temporal and spatial Istrrbutron of the donuclide to whch a human is 
exposed The modes considered here for external exposures are 
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Submersion in a contarmnated atmosphenc cloud, (1 e , an submersion), 

Immersion in contammated water (1 e , water immersion), and 

Exposure to contaminahon on or in the ground (1 e , ground exposure) 

0 
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5.0 EXPOSURE ASSESSMENT 

The exposure assessment for the CRA will quantmhvely and quahtahvely evaluate the contact 
between human receptors and chemcal(s) or physical agent(s) The assessment wlll 

Identify potential land uses and exposed populations, 

Identify potential exposure scenanos, 

Descnbe the intensity, frequency, and durauon of contact, 

0 Evaluate the rates at whch the chemcal(s) crosses the boundary into the receptor 
(intakehptake rate), and 

Quanufy the amount of the chemcal(s) that crosses the boundary (maddose) and, when 
applicable, the amount absorbed (absorbed dose) 

The exposure assessment also esbmates the total dose or intake for a receptor 111 a given area for 
a particular land use and exposure scenmo The calculated dose is then combined with 
chemcal-specific dose-response data to estrmate nsk (EPA 1992b) The exposure assessment 
process is descnbed m detal in the followrng sectrons 

5.1 

Potenhal land uses and exposed populabons apphcable to the Site are &scussed m ths secbon 
Exposure scenmos that reahstmdly charactenze the potenual land uses for the Site are based on 
three onsite land uses light industnaUoffice, recreational open space, and wildhfe refuge open 
space The offsite, near-boundary, land use is residentd Exposure scenanos for these land uses 
are dscussed below 

IDENTIFICATION OF POPULATIONS AND LAND USE 

@ 

The light industnaUoffice land use is currently h t e d  to approxmately 70 acres on the western 
end of the current IA l h s  land use was designated in RFCA (DOE 1996a) 

The recreauonal open space land use was also descnbed 111 RFCA (DOE 1996a) It includes the 

use, with hdung, nmung, and b h g  on estabbshed tratls and picmclung M designated areas 

A bill designatmg RFETS as a wddhfe refuge has been proposed to the U.S Congress and is 
currently under considerahon Access for the pubhc would be more restncted than under the 
recreahonal open space use and is expected to be s d a r  to that for the Rocky Mountam Arsenal 
( M A )  Wildlife Refuge The RMA Wddlife Refuge is a 17,oOeacre, in-process wildlife refuge 
northeast of the Denver metropolitan area. The RMA Wddlife Refuge has a significant 
environmental education component with organtzed tmps led to vanous portrons of the site 
Professional research is also conducted on site by the U S. Fish and Wildhfe Service It is 
anticipated that the most exposed indwidual under this land use would be the wildlife refuge 
worker 

entue Site, includmg the present JA As currently envisioned, the area would be open for pubhc L 
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The offsite residentml land use assumes a residenhal area immdately to the east of the site, 
across Indiana Street This land use has been used for previous nsk assessments and for a r  
modeling @ 

5.2 CONCEPTUAL SITE MODELS 
Information concerning contarmnant sources, contarmnant release and transport mechanisms, 
and locations and types of potentially exposed receptors is used to develop a conceptual 
understanding of the Site in terms of potential human exposure pathways The CSM summanzes 
thls analysis for each exposure scenano 

The CSM is a schematlc representahon of the c o n t m a n t  source areas, contarmnant release 
mechmsms, environmental transport media, and potenbal human lntake routes for each type of 
potential human receptor The purpose of the CSM is to 

Provide a framework for problem defmtion, 

Identrfy sources and release meohamsms, 

Identify exposure pathways that may resuit m human health nsks, 

h d  in idenbfying data gaps, and 

Aid in idenbfying effectlve cleanup measures, if necessary, that are targeted at sigmficant 
contarmnant sources and exposure pathways 

The CSMs have been developed to illustrate the exposure scenanos, exposure pathways, and 
exposure routes at RFETS The exposure scenanos were chosen based on the land use 
designations in RFCA (DOE 1996a) and the legislabon mtroduced in the U S Congress The 
four exposure scenanos currently apphcable at RFETS are the onsite office worker exposure 
scenario, onsite recreabonal open space exposure scenano, onsite wildhfe refuge open space 
exposure scenano, and offsite residenhal exposure scenano 

If mandated by U S Congress, the wildllfe refuge land use wdl supercede both the recxeatronal 
open space and light mdustnal land uses. Scenanos associated with each potenhal land use, 
including the wildhfe refuge, are lscussed rn the followrng sect~ons 

Exposure pathways and exposure routes in the CSM have been categonzed as sigaJficant, 
insignificant, or incomplete Signrficant and rnsigmficant exposure pathways are considered 
complete exposure pathways with sipficant exposure pathways contnbutmg the major pomon 
of nsk and dose An incomplete exposure pathway will not contnbute any mk or dose A 
significant exposure pathway will be quanhtabvely assessed at RFETS whde msipficant and 
incomplete exposure pathways will be quahtahvely addmsed Figures 5 1 through 5 3 define 
the CSMs for the office worker, open space visitor, and wildlife refuge worker scenanos, 
respectively The offsite resident scenano was defined M Figure 2-2 The CSMs arc Qscussed 
in detal below 

a 
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5.2.1 Exposure Pathways 

An exposure pathway descnbes a specific environmental route by which an individual 
receptor could be exposed to contmnants present at or ongnabng from a site After the 
pnmary source(s) and release mechanisms are idenbfied for the Site, the resulting secondary 
sources and secondary release mechasms are idenbfied and described Subsequent sources 
and release mechanisms are idenbfied until the exposure pathways for each contarmnant are 
fully delineated As previously Qscussed, the CSM idenbfies potenbally complete pathways 
for the CRA (Figures 5-1 through 5-3, and Figure 2-2) A complete exposure pathway 
includes five necessary elements 

Source of chermcal(s), 

Mechasm(s) of chemcal release, 

Envuonrnental transport mechum, 

Exposure pomt, and 

Human intake route 

Sipficant, insignificant, and incomplete pathways are idenbfied for each potentlal human 
receptor in each Scenano in the CSM All potenbal pathways wdl be Qscussed, by scenano, 
in the CRA An incomplete pathway occurs when a contarmnant will not come into contact 
with a receptor and no human exposure can occur hignltlcant or neglqgble pathways are 
defined as potenbally complete pathways because the contarwant can reach a receptor, but 
are expected to result in very low exposures with no sigmficant mpact 

Sipficant pathways are complete pathways that involve relatwely dmct exposure or only 
moderately reduced concentraoons due to contammant fate and transport resultlng in 
potenbally complete and sipficant exposure Only complete and significant pathways will 
be quantitabvely assessed in the CRA Insigmficant pathways will not be quanbtabvely 
addressed m the CRA, but will be quaktatively Qscussed. 

5.2.2 Expure Scenarios and Exposure Units 

An exposure scenano is a set of facts, assumpbons, and inferences that descnbes the 
potenbal exposure of a pmcular populahon for a gwen land use, mcludmg 

Physical and temporal s e m g  for the exposure(s); 

Exposure pathway(s) from source(s) to exposed mdmdual(s), 

Identificatlon of the exposed individual(s) or popul&ons(s), and the profile of contact 
with the chemcal(s), 

Charactenzabon of the chemcal(s) such as amounts, locabons, envmnmental 
pathways, fate of chemcal(s) in envponment, etc.; and 

Assumpbons about the transfer of the chemcal to th& receptor 
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Future populatlons on and near RFETS will be evaluated based on their likelihood of 
exposure to Site-related COCs EPA guidance does not require an exhausbve assessment of 
every potenhal receptor and exposure scenario (1992~) The hlghest potential exposures 
reasonably expected to occur will be evaluated, along with an assessment of any associated 
uncertamty (EPA 1989a) However, potenbal receptors will be idenbfied and evaluated to 
ensure that the important receptors and exposure pathways have been assessed 

Four exposure scenanos are currently under consideration for the four land uses descnbed in 
Section 5 1 These are the office worker, recreational open space visitor, wildlife refuge 
worker, offsite resident 

The office worker scenano is used in RFCA (DOE 1996a) for calculation of PPRGs and ALs 
for the mdushal land use The basic assumpbons include that the mdwidual works indoors 
and has lirmted exposure to the surrounding outdoor environment. Typical outdoor 
exposures would occur d u n g  recreational wallung or eating lunch outdoors 

The recreabonal open space visitor is currently used m RFCA (DOE 1996a) for calculation 
of PPRGs and ALS for all other areas The recremonal open space scenario was developed 
from data provided by Jefferson and Boulder Counbes (Jefferson County 1994,1996, Zeller 
et al 1993) on the use of open space trruls The population is defined as hdcers, runners, and 
bkers, using the area 

A scenano for the wildlife refugelopen space land use wdl be developed in response to 
legislahon to be introduced in the U S Congress by the Colorado delegaoon 

The offsite residential scenano will be used to evaluate long-term nsks to a future residenbal 
population near the Site boundary due to the potentml transport of contarmnants from the 
source areas The resident scenano will be assessed east of InQana Street near the two 
streams dramng offsite, Woman and Walnut Creeks. 

An EU is the area 111 whlch a potential receptor can reasonably be expected to contact COCs 
over a specified exposure duratron The size of the EU determmes the area over whch the 
COC concentrmons are averaged to calculate the exposure concen-on (95' upper 
percenble of the mean) An EU can vary in me, dependmg on land use, site-specific 
con&hons, and potenbal receptors EUs for each exposure scenano are descnbed 111 
Secbon 2 4 

An EU size for the wildhfe refuge worker scenano wlll be detemed after more details 
about the proposed RFETS wildlife refuge land use are known. 

Office Worker E x p u r e  Scenario 
The oKice worker scenano is based on individuals worlung 8-hour shfb mside office 
buildmgs. A worker is expected to be onsite 250 days per year, 50 weeks per year (DOE 
1999a) 

The potenhal exposure pathways of plant ingesbon, livestock mgesbon, rmlk ingesbon, 
aquatic ingestion, groundsurface water ingesbon, and radon exposure are considered 
incomplete The pathways of soil ingestion, soil (dust) inhalmon, external uradiauon, 
dermal exposure to soil, subsoil volatile organic compounds (VOC) inhalabon and VOC 
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inhalation from groundwater are applicable to the office worker exposure scenano 
(Figure 5-1) 

The potenttal pnmary sources of contarmnahon are soil, building rubble, and sedunents 
(Figure 5-1) Pnmary release mechmsms for contmnants are storm-water runoff, 
infiltratiodpercolatton, volattlizatton, resuspension, direct contact, and radioacbve decay 
The contarmnant pathway for each potentlal release mechanisms is descnbed below 

Storm- Water Runoff 
The storm water pathway is incomplete for an office worker It is assumed that no contact 
will occur with surface water, any fish living in the ephemeral streams, or livestock grazing 
onsite These pathways will not be quanbtatwely dscussed 

InfirtratzodPercolution 
The groundwater oral and dermal exposure pathway from ifiltrabon or percolabon is not 
complete Groundwater present beneath RFETS does not provide enough water to support 
indushal domeshc use (DOE 1996a) 

Volatilization 
The volatdizabon release mechanism provides a potenbal contarmnant exposure routes to 
humans that includes mhalatlon of VOCs in mdoor au Potenbal mdoor au mhaal&on of 
VOCs is a complete pathway and will be quanbtatively assessed 

Outdoor ax mhalabon of VOCs is an msignificant pathway because offie workers wdl 
spend the majonty of then bme mdoors The volume of VOCs actually d e d  outdoors 
would be extremely &lute Thls pathway will not be quanbtabvely assessed 

Resuspension 
The resuspension mechamsm prowdes potenttal contarmnant exposure mutes to humans that 
includes inhal&on of mborne partmlates, external radmhon from surface soil with &me 
parhculate deposits, and oral and dermal exposure to surface sod and garden produce or wild 

Oral and dermal exposure to resuspended soil is expected to be incidental and will not 
conhbute si@icantly to dose Growing, piclung, or m n g  plants fkom the Site is not 
considered a llkely or significant pathway and will not be assessed quantitatively 

External d a b o n  from resuspended pmcles is an insignificant pathway because only a 
small fracbon of partrculates are resuspended and subsequently deposited on sod. TIUS 
pathway will not be quanbtatwely assessed 

Direct Contact 
Direct contact with contammated sod, bwldng rubble, and sexhrnents are potentd pathways 
Subsurface sod and subsurface budding rubble are unavdable for dermal contact wth the 
office worker due to then deep locabon Oral ingesbon and dermal exposure to sedment are 
incomplete pathways because office workers will not come into contact with streamside 
sdments  These pathways will not be quanQtabvely assessed 

Surface soil dermal exposure and oral ingesbon are sigruficant pathways and wdl be 
quantitatively assessed 

plants 
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Radwactive Decay 
Radloactive decay from contammated medla onsite could potenhally irradlate an office 
worker Radioactive decay from contarmnated surface soil is considered a sigmficant 
pathway Ths pathway wdl be quantitatively assessed 

Open Space Visitor Scenario 
The open space visitor scenano is based on indlviduals hkmg, jogging, and bilung in the 
open space area 

As descnbed on Figure 5-2, the pnmary sources of potential contarmnahon to a Mer, bdcer, 
or jogger in the open space are soil, building rubble, and sediments Prunary release 
mechmsms for contmnants are storm-water runoff, infiltratiodpercolahon, volablizabon, 
resuspension, dmct contact, and radoacbve decay The contmnant pathway for each 
potential release mecharusm is descnbed below 

Storm- Water Runoff 
Potential contarmnant exposure routes to humans from storm-water runoff include the oral 
ingestion of fish, livestock, and surface water, and dermal contact with surface water 

Oral ingeshon of fish is considered an insignificant pathway, because fish found m the 
ephemeral streams onsite are too small to be caught and eaten by an open space visitor The 
A- and B-senes ponds at RFETS may be filled in and elirmnated before closure If the ponds 
are retamed, it may be appropnate to assess exposures from fish ingeshon Oral mngesbon of 
contammated hestock is an incomplete pathway because livestock are not expected to he 
slaughtered and eaten dmng a typical open space visit These two pathways wll not be 
quantitabvely assessed. 

Oral and dermal contact with surface water are sigmficant pathways for the storm-water 
runoff release mechmsm and surface water-affected medla. These pathways wdl be 
quanhtahvely assessed 

Infilh.atrodPercolatioation 
Potenhal contarmnant exposure routes for groundwater include oral ingesbon and dermal 
exposure to lower hydrostrabgraphc m t  (LHSU) groundwater and domesbc use of upper 
hydrostrahgraphc umt (UHSU) Open space visitors WIU not have access to groundwater, 
therefore oral and dermal contact with LHSU and UHSU groundwater are incomplete 
pathways, and these pathways will not be quanbtamely assessed 

Volatilization 
The volatiluahon release mechamsm provides potenbal contarmnant exposure routes to 
humans that mclude inhalabon of VOCs m indoor and outdoor au Open space vlsitors vvlll 
not be spendmg tme indoors on Site, so the mdoor air inhalabon of VOCs is an incomplete 
pathway Outdoor atr mhalabon of VOCs is an msipficant pathway because a small source 
volume wdl be rmxed with large volumes of a r  from wind currents and natural au outdoor 
turbulence The concentrahon of any VOCs potenbally inhaled will be extremely Mute, 
resulhng in ddute contarmnant levels several orders of magnitude less than signrficant 
pathways These exposure pathways wdl not be quantitahvely assessed 
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Resuspension 
Potential contarmnant exposure routes from resuspension include inhalahon of irborne 
particulates and oral, dermal, and external radiation from =borne parhculates redeposited in 
surface soil and on plants 

Inhalation of arborne pmculates is a significant pathway and will be quanhtahvely 
assessed 

Oral ingesbon and dermal exposure to surface soil contaming axborne partuxdates is an 
insignificant pathway because the relahve concentrabon of redeposited matenal would be 
small Oral ingestion of wild plants is considered an incomplete pathway because open space 
visitors will be &scouraged from ingeshng plants growing onsite wlule visitmg open space 
Any incidental exposure would be mnimal, resulhng in &lute contarmnant levels several 
orders of magnitude less than significant exposures 

External radiahon is an insignificant pathway because only a small frachon of mhoactlve 
matenal is resuspended and subsequently deposited on soils, thls pathway wdl not be 
quanhtatively assessed 

Direct Contact 
Direct contact is a potentral pathway for contammants associated with surface sod, 
subsurface sod, bud&ng rubble, and sedments. Subsurface sod and subsurface buldmg 
rubble are unavalable for dermal contact with the open space visitor, and the pathways are 
incomplete These pathways wdl not be qumbtatrvely assessed Oral ingestlon and dermal 
exposure are sipficant pathways for surface soil and sdment  These pathways will be 
quantitatively assessed 

Radioactwe Decay 
Radioactwe decay from contarmnated pnmary sources could potentrally d a t e  an open 
space visitor Subsurface sod and subsurface bwldmg rubble are unavatlable for contact with 
the open space visitor and the pathways are lncomplete These pathways wll not be 
quantitahvely assessed Rdoachve decay from contarmnated surface sod is considered a 
significant pathway Thls pathway wdl be quanhtatwely assessed 

Wildlife Refuge Worker Exposure Scenario 
The exposure pathway analysis and EU sue for the wddlife refuge worker scenano wdl be 
detemned after more d e w s  about the proposed RFETS wddhfe refuge land use IS known 

Offsite Resident Exposure Scenario 
The offsite resident scenano is based on several assumphons Indtviduals have garden plots 
and produce is used for a porhon of theu &ets throughout the year. It is assumed the resident 
lives and eats at their home 50 weeks or 350 days per year (DOE 1996a) 

The primary sources of potential contammahon are soil, bwldmg rubble, and sedments 
(Figure 2-1) The potentral pnmary release mechmsms for contammants are storm-water 
runoff, infiltrahodpercolatlon, volatdizahon, resuspension, duect contact, and radroactlve 
decay An offsite resident could be exposed to contarmnatlon through oral mgesbon, dermal 
contact, inhalatron, and external rdahon. 



Resuspension 
The re-suspension mechanism provides potenbal contarmnant exposure routes that include 
inhalahon of mrborne particulates, oral and dermal exposures, and external &ahon from 
surface soil contmning mrborne pmculate deposits 

Inhalation of mrborne partmlates is considered a significant pathway and will be 
quantitatwely assessed 

Drafi Comprehensive Risk Assessment Methodology 

The aquatic food ingestion pathway and groundwater ingestron exposure pathway are not 
considered complete pathways for the future offsite resident and will not be considered The 
meat and mlk ingestron exposure pathways are considered insignificant and will not be 
considered quantitatively 

The soil ingestion, soil inhalation, external irradahon, and vegetable consumphon exposure 
pathways will be assessed for an offsite residential receptor The contarmnant pathway for 
each potential release mechmsm is descnbed below 

Storm Water Runoff 
Potential contarmnant exposure routes to offsite residents include the oral ingestlon of fish 
and livestock, and oral and dermal exposure to surface water. Oral ingeshon of fish is an 
insignificant pathway, because the fish found m the ephemeral streams onginahng onsite are 
too small to realishcally be caught and eaten by an offsite resident. The A- and B-senes 
ponds are expected to be removed at Site closure If they remmn after closure, their 
contribuhon to the offsite residents’ consumption of fish may be assessed Oral ingesbon of 
butchered livestock is an insignificant pathway because offsite residents will not be 
consumng livestock grazmg on their property as a major pomon of thelr &et These two 
pathways will not be quanhtatwely assessed 

Oral and dermal contact with surface water are significant pathways for the storm-water 
runoff release mechanism These pathways wdl be quanbtabvely assessed 

InfibaiionIPercolatron 
Potenhal contarmnant exposure routes for groundwater include oral ingeshon and dermal 
exposure to LHSU groundwater and domeshc use of UHSU groundwater The oral and 
dermal pathways for LHSU and UHSU groundwaters are incomplete There is no known 
transport of contarmnants offsite from sources onsite in groundwater These pathways wlll 
not be quanhtahvely assessed 

Volatilizat on 
The volahhzahon release mechanism prowdes potenhal contarmnant exposure routes that 
include inhalation of VOCs in indoor and outdoor au Indoor au inhalaQon of VOCs is an 
incomplete pathway There is no offsite source and no known transport of contarmnants 
offsite from sources onsite in groundwater Outdoor au mhalahon of VOCs is an 
insignificant pathway because a small source volume from onsite wdl be mured with large 
volumes of mr The concentrations of VOCs potenhally inhaled would be extremely &lute, 
resultmg in insignificant exposure levels. These pathways will not be quanhtatmely 
assessed 

I 
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Oral ingestion, dermal exposure, and external radiahon to axborne partxulates deposited in 
surface soil are insignificant pathways (DOE 1999a, K-H 1999,2000a) Exposure is 
expected to be extremely low, the pathway wlll not be assessed quanbtabvely 

Oral ingeshon of wind-borne contammation deposited on garden produce is an insignificant 
pathway because of the small deposition component (DOE 1999, K-H 2OOOa) Any 
incidental exposure would be extremely rmnimal and the pathway will not be quanhtatlvely 
assessed 

Direct Contact 
Direct contact with surface soil, subsurface soil, building rubble, and sedments are potenhal 
pathways The pathways for l rect  contact with subsurface soil and subsurface bmlding 
rubble are incomplete for the offsite resident These pathways will not be quanhtahvely 
assessed 

Offsite residents may be exposed directly to onsite surface soil and sedments if the Site is 
designated as recreahonal open space These pathways will be assessed if appropnate 
Residenbal exposures to offsite surface soil and selments have been assessed m the OU 3 
RFI (DOE 1996b) As such, these exposures will not be assessed quanbtatively agam 

Radioactwe Decay 
Radioactive decay from contammated surface soil onsite may be considered a sigruficant 
pathway if the Site is designated as recreational open space Tius pathway will be 
quanhtahvely assessed d appropnate 

5.3 FATE AND TRANSPORT MODELING 
Fate and transport modeling is used to estunate contarmnant concentrahons at the polnt of 
contact when observmonal data are not avmlable Fate and transport models use a 
combinabon of processes, relabonshps, and site-specific informahon to estunate 
concentrabons of chermcals in vmous envlronmental meda Concentrabons that may be 
esbmated mclude, but are not limted to the distnbuhon of concentrahons over m d a ,  space, 
and time, indoor au levels of chemcals, concentrations in foods; and so forth. When 
avadable, vahd analyt~cal measurements take precedence over modeled estunates. 

and the transport of COCs rn soil gas, groundwater, surface water, and au The models 
lncorporate site-specific data, esbmates denved from site-specific data, and lnterpremons of 
the data The combinahon of a computer code and site-specific data is a site-specific model 

Models selected should be capable of incorporatmg key COC transport and transfornabon 
processes and simulatmg the mportant d o w n  charactenshcs and matenal/flud propemes 
The following five categories should be considered when selechng models for use 

Models are computer codes or sets of equahons that can be used to r e p m n t  site conlhons 
Y 

Ability to adequately simulate RFETS conditions, 

Ability to satlsfy the objechves of the study, 

0 Venficahon of the model using published analyhcal equations, 
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Documentation, peer-review, and avadability, and 

Practicality and cost-effechveness 

5.3.1 Modeling Criteria 

The following is a summary of the modeling cntena that have been identified dunng the 
RFETS Acbmde Migrabon Evaluation (AME) project used to adequately substanhate the 
quality of the Site modeling effort The modeling critena identified in th~s summary are the 
categones of applicable requrrements that have been excerpted from Fiscal Year 2000 
Actinide Migration Evaluation Data Quality Objectives, Revision 2 (K-H 2000b) The 
modeling efforts will be an mportant component of the overall regulatory closure of the Site 
and will impact reme&al approaches and the CRA The modeling results will undergo 
intense scmhny by the Site, stakeholders, and regulatory agencies The modeling cntena 
categones applicable to the Site modeling effort include sensibvity and uncertmnty analysis, 
calibrahon, and venficatlon and vahdahon achvihes, as descnbed below 

Sensitivity and Uncertainty Analysis 
Model sensitivity and uncertamty analysis may encompass all input parameters, mcludmg 
"denved" parameters (those that may be vaned in the calibrahon process), and "measured" 
parameters (those that are estunated and then left fixed throughout the simulabons) The 
sensihvity and uncertamty analysis wlll be performed in accordance with the DQO cntena 
A descnphon of these acbvihes and results of the evaluabons will be presented with the 
modeling results 

Calibration 
Model calibration is an iterahve process of parameter adjustment such that model output 
sahsfactonly estmates a set of real-world data A calibrahon of the all models wdl be 
performed in accordance with the DQO cntena A descnptron of the calibrahon processes 
and compansons of prelcted values to Site monitonng observed data, whenever possible, 
wlll be provided wlth the results of all models 

Model Verification and Validation Activities 
The process of model venficatton and validauon (assessment of model adequacy) includes 
assessing all aspects of the model's assumpbons, mputs, outputs, sensitwihes, and 
uncemnty, with parbcular emphass on calibrahon results and lirmmons. Venficabon and 
validauon of the Site models wll be performed IU accordance with the DQO cntena A 
descnphon of the venficaon and vahdahon actwihes, includmg the results of compmsons 
to observed Site monitonng data, wlll be presented with modeling results, and uncerkunty 
associated with the model pdctions will be hscussed and quanhfied, if possible 

Model Implementation 
Considerabons for implementmg a model include 

0 Avsulabllity of and confidence m input data that will support the model, 

0 Avmlability of the model, 
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Degree and nature of documentabon, 

Extent of peer review of the model; 

0 Nature of model venficahon, validatlon, and teshng, 

Computer systems on whch the model has been used; and 

User farmlianty with the model 

The following sections descnbe types modeling that may be used in the CRA 

5.3.2 Conceptual Site Model and Modeling Needs and Objectives 
The CSM is used to evaluate exposure pathways by theu potenbal contnbuQon to exposure 
Significant pathways will be exanuned to detemne whether there is sufficient data to 
calibrated exposure or whether modeling is r e q m d  to esbmate contamrnant concentrahons 

Pathways involving dmct exposure to sources wlll use measured sources The goal of fate 
and transport modeling is to simulate contarmnant mgration from source areas rn soil, 
groundwater, surface water, sdments, and a~ to potenbal onsite and offsite receptors. 
Pathways resulhng from source release mechasms may reqm fate and transport modehng 
(e g , resuspension of subsequent arbome-contarmnated sod and transport offsite) 

Overview of Models and Data Needs 
The following sechons provlde an overview of the modeling specific to contmants  in sod 
gas, groundwater, surface water, and a n  When specific models are selected for use at 
RFETS, the assumphons and h t a h o n s  associated with each model and its applicaon WIU 
be identlfied and documented The following four sect~ons Qscuss soil-gas transport, 
groundwater, surface water, and au modehng 

Sod Gas Transport 
The objective of soil gas modehg is to preQct the transport and resulting concentrahons of 
contamtnants in a r  to preQct receptor exposures via the sod gas pathway The sod gas 
pathway is especially important for UBC. Examples of data needed for a sod gas model(s) 
that may or may not reqm assumphons include 

Properhes of the site such as soil porosity, water content, and hydraulic conductwity, 

Environmental propert~es such as relahve hurmQty, 

Bwldmg charactensbcs such as pressurnahon and ventdabon rate; and 

Chemcal-specific propemes such as vadose zone concenmon, groundwater 
concentrahon, solubihty, Henry's law constant, and biodegradaon rate 

Groundwater 
The pnmary processes that control and are used to p r d c t  the movement of solutes in the 
subsurface include groundwater flow rates and directions, solute release rates and bmng, 
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recharge and discharge rates, dispersion, degradabon rates, and adsorption Groundwater 
modeling must address both unsaturated flow (vadose zone) and saturated flow 
(groundwater) Vadose zone and groundwater modelmg should consider site-specific 
conditions, the location(s) of the groundwater flow, recharge and dscharge, pnmary 
source(s) of contammation, boundary condlbons, and matenal types Examples of data 
required for the modeling effort include 

0 Honzontal and vertical hydraulic conductivity, 

Water storage, 

Porosity; 

Residual and saturated moisture content, 

Molecular Ispersion, 

Retardabon, and 

Degradabon 

Surface Water 
The purpose of surface water modelmg is to estunate the potenbal concentration of 
contmnants in associated surface water locatlons at RFETS. The potentlal for future 
transport of contarmnants by runoff and erosion has been evaluated by the AME usmg the 
Watershed Erosion Predxtion Project (WEPP) model (K-H 2000a) The erosion model was 
coupled with the Sdmentation UI Stream Networks model (*HEC6-T) to p d c t  d m e n t  
movement in stream channels Techmques were developed to estmate the transport of 
actnudes with selments These models are used to esbmate the transport of contarmnants 
associated with the solid phase Another model may be developed to estlmate the movement 
of dssolved contarmnants Assumpbons associated with surface water modehng include 

Dramage basins, 

Area of contamrnated soil, 

Contmnant concentrahons m sod, 

Contamrnant solubility, 

Ramfall, 

Hydraulic conductivity, 

Soil erodibility, 

0 Vegetation, cover, and management, 
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Hdlslope charactenshcs, 

Stream channel charactenstics, and 

Baseflow 

Air 
The objective of ar modeling is to provide estunates of emssions, &spersion, surface 
deposihon, and fate of contarmnants released from the Site Both near-field and far-field 
scenanos have been developed for the Site Far-field models are more complex and include 
most of the reqwments of near-field models, with the addihon of transport, dlspersion, and 
deposition of contarmnants An iilr model h p  been developed for the Site by the AME (K-H 
1999,2000a) Ths model has been applied to current Site condhons and can be used for 
post remediahon con&tions Site charactenstics that requlre simulation include 

Meteorological conlhons, 

Dispersion assumphons, 

0 Special con&hons; 

Time domam, and 

Terram charactenshcs 

Condlhons at the receptor, wluch must also be represented by the model, include 

0 Height of receptor, 

Locahon, 

Exposure pathways, 

Occupancy factors, and 

Consumphon or usage 

5.4 

After COCs and EUs have been idenhfied, EPCs are estmated for each COC in each 
environmental medlum All COC data witlun an EU wrll be aggregated over the appropnate 
exposure area. The EPC is the 95% UCL of the mean concentrabon of a contarmnant to 
whch a receptor is expected to be exposed EPCs wdl be calculated for the significant, 
complete pathways shown m the CSM Steps in the exposure area procedure mclude 

1 Detemne the size of the EU for each scenano by considenng the receptors and 
exposure pathways EU areas for FWETS are discussed m Sechon 2 0 

DENTIFYING EXPOSURE UNITS AND EXPOSURE POINT 
CONCENTRATIONS 
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2 

3 

4 

Plot all COC data, including data below background or detectlon lmts,  on a map of the 
Site 

Place EU gnds by considenng COC concentrations, contammated envuonmental medla, 
and potential exposure pathways 

Analyze data withm the exposure area using the complete COC data set as detemned 
using the methods in Section 2 0 

5.5 EXPOSURE POINT INTAIWDOSE CALCULATIONS 
EPCs of chemcals in the vmous media are used to estlmate the potential human intake of 
those chemcals via each exposure pathway Intakes are expressed m terms of mllqgams of 
chemcal ingested, inhaled, or dermally absorbed, per lulogram of body weight per day 
(mgkg-day) Intakes are calculated following guidance in RAGS (FPA 1989a) and other 
EPA guidance documents as appropnate Intakes are estrmated using exposure parameters 
such as body weight, inhalahon volume, ingesbon rates, soil or food matnx effects, and 
frequency and duratlon of exposure 

Dose is estimated as a functlon of how much contarmnant enters the body The process of a 
chemcal entenng the body occurs in two steps First, an exposure, or contact with the 
chemcal must take place Second, actual entry into the receptor must OCCUT The amount of 
chemcal absorbed by the body (mternal dose), after entry mto the receptor, will be 
estimated 

The two major processes by whrch a chemcal can cross the boundary from outside to lnside 
the body are intake and uptake Intake involves physically movmg the chemcd through an 
opening in the body such as the mouth or nose and usually occurs via mhalatlon, eatmg, or 
dnnlung The chermcal is normally contamed in a carner medlum such as m, food, or hnlc  
The estrmate of how much chemcal enters the body focuses on how much of the carner 
medlum enters The uptake process of a chermcal entemg the body involves absorptron of 
the chemcal through the slun or other exposed tlssue such as the eye Although the chemcal 
is normally contamed in a medmn, the m d u m  typically is not absorbed at the same rate as 
the chemcal Therefore, the eshmates of the amount of chermcal entenng the body are 
greatly affected by such factors as the concentrahon grdent across the boundary and 
permeability of the barner 

The reasonable maximum exposure (RME) is estrmated usmg the 95% UCL EPC 
concentration and values for exposure vmables so that the combinatron of all vmables 
results in the mmmum exposure that can reasonably be expected to occur at the Site @PA 
1992d) 
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The general equation for calculatrng intake in terms of mg/kg-day is 

C x IR x EF x ED 
B W x A T  

Total intake (mg/kg - day) = (Equahon 5-1) 

where 

C = concentr&on (mlhgrams per volume [mg/vol]) 
IR = intake rate (volume per day [vollday]) 
EF = exposure frequency (dayslyears) 
ED = exposure duraoon (years) 
BW = body weight (lulogram [kg]) 
AT = averaging tune (days) 

For noncarcinogenic chermcals, intakes are calculated by averagmg over the penod of 
exposure to yield an average dady intake For carcinogens, intakes are calculated by 
averaging the total cumulative dose over a lifeQme, yieldmg “lifetrme average datly mtake” 
(EPA 1989a) Different averagmg trmes are used for carcinogens and noncarcinogens 
because thelr effects occur by lfferent mechanisms (EPA 1989a) The approach for 
carcinogens is based on the hypothesis that a high dose received over a short penod of time is 
equivalent to a correspondmg low dose spread over a hfetrme, and the mtake of a carcmogen 
is averaged over a 70-year Metime regardless of exposure durmon @PA 1989a) When 
Equation 5-1 is used to calculate intakes of radionuclides, the denommator (body weight x 
averaging time) is excluded from the calculation Intakes of noncarcmogens are averaged 
over the penod of exposure (usually 25 to 30 years), because potenoal effects would be 
expected to occur dunng the penod of exposure 

Omtting chermcal concentrahons or dose from the intake equahon yields an “mtake factor” 
that is constant for the respecbve exposure pathway and receptor. The intake factor can then 
be multiplied by the concentratron or dose of each chermcal to ob- the pathway and 
receptor-specific intake of the chemcal Intake factors are calculated separately for each 
applicable exposed receptor and exposure pathway The following are generalized pathway- 
specific equations in use at RFETS 

5.5.1 Ingestion of Water 

CW x IRx EF x ED 
B W x A T  

Intake (mgkg- day) = 

where 

CW = 
ZR = ingeshon rate (Llters per day [Uday]) 
EF = exposure frequency (daydyear) 
ED = exposuredmon(years) 
BW = bodyweight(kg) 
AT = 

chermcal concenlx&on in water (rmlligrams per her [mg/L]) 

averaging m e  (penod over whch exposure is averaged, days) 

h 

(Eqwon 5-2) 
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For calculation of radionuclide intakes, the exposure concentrabon is expressed in (pCdL), 
and the expression IS not divided by body weight and averaging time The resulting intake 
for radionuclides is expressed in pCi This rule applies to all of the following equations 

55.2 Dermal Contact With Water 
The equation used for dermal contact with contarmnants in water is presented below This 
equabon calculates the actual absorbed dose (1 e , intake, not the amount of chemcal that 
comes in contact with the slun 

(Equabon 5-3) 
CW xSAx  P C x  ET x EF x ED x CF 

BW x AT 
Absorbed d ose (mgkg- day) = 

where 

cw= 
SA = 
PC = 
ET= 
EF = 
ED = 
CF = 

BW = 
AT = 

Chemcal concentraoon in water (mg/L) 
slun surface area avdable for contact (cm2> 
Chemcal-specific dermal permeabhty constant (cmkour) 
Exposure tune (hoddays) 
Exposure frequency (daydyears) 
Exposure duratlon (years) 
Volwnetnc conversion factor for water (1 hter per 1,OOO cubic cenbmeters 
11 ~ 1 0 0 0  cm31) 
Body weight (kg) 
Averapg bme (perrod over whtch exposure is averaged, days) 

5.53 Inhalation of Airborne Contaminants 
Arrborne contarmnants may be either in the vapor phase or, in the case of metals and 
ra&onuchdes, in particulate form Dermal absorpbon of vapor-phase contarmnants is 
considered to be negligible 111 proportion to inhalabon mtakes and, therefore, is dwegarded 
in accordance with RAGS (EPA 1989a) The following equahon is used 

CAx IR x EF x ED 
BW x AT 

Intake (mgkg- day) = (Equahon5-4) - 
where 

CA = 
IR = inhalmon rate (cubic meters per day [m3/day]) 
EF = exposure frequency (daydyear) 
ED = exposureduraUon(years) 
BW = bodyweight(kg) 
AT = averaging tune (penod over whch exposure IS averaged - days) 

Only the fraction of the pmculate concentrahon in air considered to be respirable (40 
mcrons &m]) is evaluated for calculaoon of intakes from inhalaoon of partmlates The 
respiratory model developed by the Internahonal Comss ion  on Radiological Protecbon 

contarmnant concentrahon III SUT (rndl~grams per cubic meter [mg/m3]) 
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indicates pmcles above 10 pm are relatively unimportant contnbutors to internal dose 
(NCRP 1985) 

5.5.4 Incidental Ingestion of Soil or Sediments 
The following equation is used in calculahng the intake from incidental ingesuon of 
contarmnants 111 soil or se&ments 

(Equahon 5-5) 
CS x IRxCF x FI x EF x ED 

BW x AT 
Intake (mgkg- day) = 

where 

cs = 
ZR = 
CF = 
FZ = 
EF = 
ED = 
BW = 
AT = 

chemcal concentrahons in sod (mg/kg) 
mgeshon rate (dhgrams [mg] souday) 
conversion factor (lo4 l~lograms per mll~gram ~g/mg])  
k h o n  lngested from contammated source (unrtless) 
exposure frequency (dayslyears) 
exposure d m o n  (years) 

averagmg tune (penod over whlch exposure IS averaged, days) 
body weight @g) 

5.5.5 D e 4  Contact With Soil or Sediments 
The exposure from dermal contact with contarmnants in sod and sedunents is calculated 
using the following equahon, whlch results in an eshmate of the absorbed dose, not the 
amount of chemical in contact with the slun (1 e ,  intake) 

CS x CF x S A X  AF x ABS x EF x ED ( E q u ~ o n  5-6) 
Absorbed Dose (mgkg- day) = 

BWxAT 

where 

cs = 
CF = 
SA = 
A F =  
ABS = 
EF = 
ED = 
BW = 
AT = 

chemcal concentration in sod or sedunents (mgAcg) 
conversion factor ( lo4 kg/mg) 
slun surface area aviulable for contact (cm2/event) 
sod to slun acihemnce factor (rm~~grams per square centuneter[mg/cm21) 
absorphon factor (umtless) 
exposure fkquency (eventdyear) 
exposure d m o n  (years) 

averagmg tune (penod over which exposure is averaged, days) 
M Y  weight (kg) 

5.5.6 Ingestion of Garden Fruits and Vegetables 

The contarmnant intakes for ingestion of garden produce are calculated usmg the following 
equation 
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where 

CF = 
IR = 
FI = 
EF = 
ED = 
BW = 
AT = 

CF x I R x  FI x EF n ED 
B W x A T  

Intake (mgkg- day) = 

contarmnant concentrahon u1 food (mg/kg) 
ingestlon rate &@day) 
fractlon ingested from contarmnated source (umtless) 
exposure frequency (daydyear) 
exposure d m o n  (years) 

averagng tune (penod over whch exposure is averaged, days) 
M Y  weight 0%) 

(Equahon 5-7) 

5.5.7 External Radiation Exposure 
Rdonuclide intakes for external exposure are calculated using the followmg equaoon 

Intuke (per) = C x ED x (I - Se) x Te (Equahon 5-8) 

where 

C = isotope achvity (picocunes per gram w~/g]) 
ED = exposure d u r ~ o n  (years) 
Se = gamma shleldmg factor (urutless) 
Te = gamma exposure factor (mtless) 
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6.0 HUMAN HEALTH RISK CHARACTERIZATION PERFORMED ON AN 
EXPOSURE UNIT AND SITEWIDE BASIS 

Concluding the HHRA process is a six step charactenzahon process 

Results of the toxicity and exposure assessments (Sections 4 0 and 5 0) for the COCs 
under study are checked and integrated 

The potential nsks to public health, both carcinogenic (total cancer nsk) and 
noncarcinogenic (hazard quotlents [HQs] and HIS), are quantified for each substance and 
pathway identlfied in the exposure assessment 

b k s  and HIS are summed across pathways where appropnate 

Uncertamty of the estlmates is assessed and discussed 

The results of any Site-specific exposure studies are dlscussed in relatlon to the nsk 
assessment results 

The results of the CRA are summanzed and d~scussed in relatlon to the fmal Site 
remedy 

In general, dunng the nsk charactemahon process, the RklE chermcal-spfic intakes 
calculated in the exposure assessment are mulbphed by the apphcable chermcal-specfic 
dose-response factors to compute estlmates of the cancer nsk for an rndwidual over a hfetime 
of exposure, or compared with the appropnate W, (chromc, subchromc, or acute), for 
noncarcinogenic health effects The nature, weight-of-evrdence, and magmtude of 
uncertamty for the potenhal cntlcal health effects are considered The process of quanUying 
health nsks includes the following 

Calculatlng and charactenzmg carcinogemc effects for each substance, pathway, and 
exposure scenano, 

Calculatlng and charactenzing noncarcinogemc effects for each substance, pathway, 
and exposure scenano, 

Calculatmg and charactenzmg r d m o n  dose for each racbonuclide, pathway, and 
exposure scenano, and 

Conductmg qualitatlve (or quanhtatwe, when possible) uncertamty analysis 

Each of these is d~scussed in the followrng secbons 

6.1 

The following calculatlons will be used to deterne carcmogenic effects by obtamng 
numencal eshmates (1 e , unitless probabihty) of hfehme cancer nsks 

CALCULATING AND CHARACTERIZING CARCINOGENIC EFFECTS 

Risk = Intake x CSF' 
where 

(Equabon 61) 

L 

Risk = potential lifetime excess cancer nsk (urutless probability) 
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CSF = cancer slope factor (mg/kg-day)-' or (pCi)-' 

Intake = chronic dady lifebme intake (mg/kg-day) or (pCi) 

CSFs will be used as provided in the IRIS (EPA 2000a) Inhalahon and oral ingestion CSFs 
are used with respective inhalahon and ingesbon intakes to esbmate potenhal carcinogemc 
health nsks The CSFs used are presented and discussed in the toxicity assessment (Sechon 
4 1) The above equauon assumes a linear relabonslup in the low-dose portion of the dose- 
response model The slope factor is usually the upper 95th percenble confidence limt on the 
probability of response, based on animal data, resulting in upper-bound nsk estimates 

Cancer nsks are summed separately across all potenhal chemcal carcinogens and 
radionuclides considered in the nsk assessment using the following equabon 

(EqWon 6-2) 

Rzsk T = total cancer nsk (a ututless probabihty) 

Rzsk, = nsk esbmate for the I* contarmnant (wtless probably) 

Ths equation is an approximabon of the precise equatlon for combwng nsks to account for 
the probability of the same mdwidual developing cancer as a consequence of exposure to two 
or more carcinogens The ddference between the precise equahon and this approxlmmon is 
negligible for total cancer nsks less than 0 1 @PA 1989a) The nsk summatton assumes 
independence of action by the compounds (I e ,  no synergism or antagorustic achons). The 
hmtations of th~s approach include conservabve nsk estmates due to the use of mulhple 
upper-bound esbmates of CSFs, increased uncertanty when addmg potenhal carcinogemc 
nsk across weight-of-evidence cancer classes (A through C), and uncertamty due to possible 
interacbons among carcinogens 

A table of nsks for each exposure scenano will be created to show contarmnant- and 
pathway-specific nsk, with contamtnants presented by rows and pathways presented by 
columns Reasonable exposure pathway combmahons mll be idenhfied and the llkellhood 
that the same indwiduals would consistently be exposed by more than one pathway wdl be 
evaluated In most situahons, a receptor could be exposed by several pathways m 
combination For these situatlons, nsks will be subtotaled across pathways for each 
contmnant 

A total carcinogenic nsk wdl also be summed across weight-of-evidence classificahons as an 
ad in the discussion of the uncertamty of the esbmates In accordance vvlth EPA guidance, 
only one significant &pt is retamed when summmvng calculated nsks (EPA 1989) Table 
6 1 provides an example table for documentaQon of carcmogemc nsks for a particular 
exposure scenano 

The CRA will dscuss nsks that exceed the Nahonal Oil and Hazardous Substances Pollutlon 
Contingency Plan (NCP) nsk range of lo4 to lo4 (EPA 1990) Specifically, the pathways 
and contarmnants dnvmg the nsk wlll be noted and accompmed by a lscussion of any 
qualifying mfonnahon 

I 
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Rad COG 1 
Rad COG 2 
Pathway 

I 
I In addtion to presentmg the incremental cancer risks due to contarmnants at the Site, 

perspective may be provided by giving examples of typical background sources of nsk such 
as for arsenic or uranium The text will note assumpbons associated with the calculations, 
and discuss the importance of background nsks associated with each exposure scenano The 

uncertamty of the nsk estimates 

1. 

I 

I CRA summary section will present nsks for each scenano, as well as a bnef discussion of the I 

A # # # # I # 
A # # # # # 

# # # # I 

Table 6-1 RME Carcinogenic Risk for Exposure Scenario X 

Total 
Total Risk 

I Chemical I Wt.of I Pathway I Pathway I Pathway I Pathway I Scenario 1 

I I I I 
# 

I 1 Evidence 1 1 i 2 I 3 I n I Total I 

Evidence 
Total 
Pathway # # # # # 

Total Risk # 

Radionuclides 

6.2 
Health nsks associated with exposure to indmdual noncarcinogemc compounds are 
detemned by calculabng HQs and HIS The noncarcinogemc HQ is the rat10 of the intake 
or exposure level to the RfD, as follows 

CALCULATING AND CHARACTERIZING NONCARCINOGENIC EFFECTS 

HQl = InrakeJQD, (Equaon 6-3) 

where 

HQ, = noncarcinogenic HQ for I* substance 

Intake, = intake for I* substance (mgkg-day) for appmpnate exposure penod 

R P l  = reference dose for I* substance(mg/kgday) for appropnate exposure 
duratlon 

Inhalaon and oral ingesbon RfDs are used with respecbve inhalahon and mgesbon intakes 
to esbmate potenbal noncarcinogenic health effects Intake and RfD are expressed in the 
same units and represent the same exposure penod The RfDs used are presented and 
discussed in the toxicity assessment of the CRA COCs that have been detemned to have 
subchronic (2-week to 7-year exposure) or acute (less than 2-week exposure) effects in the 
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toxicity assessment will be charactenzed using subchronic or acute RfDs, or other dose- 
response information, as avadable 

HIS are the summed HQs for each chermcal across an exposure pathway An HI is calculated 
using the following equation 

 HI^^ = ZHQ, (Equahon 6-4) 

where 

HIpw = HI mdex for an exposure pathway 

HQz = HQforthei*COC 

The HIpw values are not stahshcal probabilities of a potenhal effect If the HIpw exceeds 
unity, there is a concern for potential noncarcinogenic health effects In general, the greater 
the HI above umty, the greater the level of concern However, the level of concern does not 
increase linearly as the HI approaches or exceeds unity Further drscussions and lmtations 
on the application of t h s  procedure are presented in RAGS @PA 1989a) 

Noncarcinogenic effects will be presented in the CRA tables simlar to those used in the 
presentahon of carcinogemc nsk Each table will show contarmuant and pathway-specific 
effects with contarmnants presented in rows, and pathways presented by columns HIpws will 
be subtotaled across pathways to develop an HI for the exposure scenmo (w), if the same 
individuals would consistently be exposed to more than one pathway for each contamrnant 

HQ,s approachmg or exceedmg 1 will be segregated and summed by mode of acbon or target 
organ to calculate the total HI by target organ (HIto) A total H&,, may also be summed across 
all pathways and contamtnants for a specific receptor scenano. Both of these procedures are 
subject to limtahons (EPA 1989a) In accordance with the convenuon with carcinogemc 
nsk, only one sigmficant l g r t  is remned when summarrzing the calculated indlces Table 6- 
2 provides an example table for presentahon of HIS 
The CRA will dlscuss Hazard Quotients (HQs) and HIS that exceed unity The pathways and 
contarmnants dnving the nsk wfil be noted and lscussed A summary table presentmg 

l b s  may be presented by placing the results for each scenmo in rows, and providmg 
mfomahon on HIS, domnant COCs, and dormnant pathways in columns. 

subtotals for all scenanos wdl be created for presentabon m the CRA m k  summary secbon 
I 

Table 6-2 RME Noncarcinogenic Hazard Indices for Exposure Scenario X 
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6.3 

The following caiculabons will be used to detemne the radiation dose 

where 

CALCULATING AND CHARACTERIZING RADIATION DOSE 

Dose = Intake x DCF (Equabon 6-5) 

DCF dose conversion factor factor (mlhrems per picocune [mredpCi]) or 
(mlllrems per picocurre per gram [mrem/pCdg]) 

Intake = radionuclide intake or m d a  concentration (pCi) or (pcdgram) 

= 

Inhalation and oral ingesbon DCFs are used with respecbve inhalation and mgesbon intakes 
to estimate radiabon dose For external irradation, external DCFs are used with respecbve 
soil concentrations to eshmate radlatlon dose DCFs are calculated using mathemabcal 
extrapolahon models based on human epidemological stuQes 

Radiahon dose is summed separately across all potential radionuclides considered in the dose 
assessment using the following equahon 

(Equabon 6-6) Dose T = Z: Dose , 
where 

Dose T = total ra&mon dose, expressed in mrem 

Dose I = rdabon dose esmate for the I' radlonuchde 

A table of radahon doses for each exposure scenano will be created to show contarmnant- 
and pathway-specific dose, with mhonuchdes presented by rows and pathways presented by 
columns (Table 6-3) Reasonable exposure pathway combinabons wdl be idenhfied and the 
Ilkelhod that the same mdividuals would consistently be exposed by more than one 
pathway will be evaluated In most situahons, a receptor could be exposed by several 
pathways in combination. For these situahons, dose will be subtotaled across pathways for 
each raQonuchde 

In addibon to presenhng the incremental d m o n  dose due to whonuchdes at the Site, 

anthropogenic and terrestrral sources Assumpbons associated with the calculmons wdl be 
noted and Qscussed The CRA summary secbon will present doses for each exposure 
scenario and present a bnef dscussion of the uncemnty of the nsk esbmates. 

perspective may be provided by grvmg examples of typical background sources of dose from I 

Table 6 3  RME Radiation Dose for Exposure Scenario X 
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6.4 CONDUCTING QUALITATIVE UNCERTAINTY ANALYSIS 
The quantification of uncertanty is an important component of the nsk assessment process 
According to the EPA Guidance on Risk Characterizahon for Risk Managers and Risk 
Assessors @PA, 1992c), point estimates of nsk “do not Nly convey the range of informahon 
considered and used in developing the assessment ” To provide information about the 
uncertamties associated with the RME estimate, uncertamhes identified dunng the CRA 
process and presented in qualitahve and, where appropnate, quanhtative terms 

There are four stages of analysis applied rn the nsk assessment process that can introduce 
uncertanties 

Data collechon and evaluahon, 

Exposure assessment, 

Toxicity assessment, and 

Risk charactenzation 

The uncertamty analysis charactenzes the vmous sources and then contnbuhons to 
uncertamty in the CRA These uncertamhes are drrven by uncertatnty in the site 
inveshgahon data, likelihood of hypothehcal exposure scenarios, transport modes used to 
estimate concentrations at receptor locahons, receptor mtake parameters, and toxlcity values 
used to charactenze nsk Addihonally, uncertamhes are introduced in the nsk assessment 
when exposures to several substances across mulaple pathways are summed. 

The concept of uncertamty can be more fully defined by htmgtllshmg between vanabhty 
and knowledge uncertamty Vanable parameters are those that reflect heterogeneity in a 
well-charactemed populahon, for whch the Istnbuhous would not generally be narrowed 
through further measurement or study Certan parameters reflect a lack of informahon about 
properbes that are invanant and whose smgle, true value could be known exactly by the use 
of a perfect measurrng device Where appropnate, quahtatwe uncertamty analysis may 
distinguish between vanability and uncertamty. Qualitahve uncertamty analysis will idenhfy 
each key source of uncertamty, present an eshmate of the relave impact of the uncertamty 
on the CRA, and mclude any clarifjmg remarks. -* 

6.5 CONDUCTING QUANTITATIVE UNCERTAINTY ANALYSIS 
In some cases, quanhtatne uncertanty analysis may be conducted m addmon to the 
qualitative uncertamty analysis Quanhtahve uncertamty analysis wlll be performed on 
chermcals andor sets of chermcals that have a carcinogemc nsk greater than 1 x 10 
noncarcinogenic HQ or HI greater than 1 To quanhfy the uncertainty in the final nsk 
charactenzahon estmates, Monte Carlo simulahons may be used for the pathways 
domnahng the nsk (EPA 199%) Because of the consewatwe assumphons bwlt into the 
nsk assessment process, Monte Carlo simulations are considered to be adequately 
conservative 

or a 
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The Monte Carlo simulation is a technique that can be used to provide a probability function 
of estimated nsk using random values of exposure factors and toxicity values in an exposure 
scenano A Monte Carlo simulation involves assigning ajoint probabllity hstnbution to the 
input vanables (1 e ,  exposure factors) of an exposure scenano Next, a large number of 
independent samples from the assigned joint cfistnbution are taken and the corresponding 
outputs calculated This entads repeated computer iterahons assigmng random number 
values to the exposure factors The simulated output represents a sample from the true output 
Istribution Methods of statisbcal inference are used to esbmate key parameters of the 
output cfistnbubon (e g , percentiles) from the output sample 

The nsk dxmbubons produced by Monte Carlo simulabons present sipficantly more 
infornabon than do point esbmates However, the level of effort involved in conducbng a 
quanbtatwe uncertwnty analysis must be weighted agamst the importance of th~s information 
to nsk managers No decision has been made to date by the involved pmes on the use of 
Monte Carlo methods in the RFETS CRA 

I 
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7.0 ECOLOGICAL RISK ASSESSMENT 

7.1 INTRODUCTION 
This section provides an approach for perfomng the Ecological &sk Assessment (ERA) 
portion of the CRA for RFETS The approach amends previous RFETS Ecological Rsk 
Assessment Methodology ( E M )  (DOE 1996c, 1996d) with more recent EPA guidance on 
perforrmng ERAS at Superfund sites (EPA 1997c, 1999b, 2000b) The RFETS ERAM was 
used in perforrmng nsk assessments for the =Is, for MSSs and other source areas in the 
Woman and Walnut Creek watersheds The results of these ERAS presented in the Drafl 
Final Phase I R F I .  Report Appenduc N, Woman Creek Prionty Drainage Operable Unit 
No 5 (DOE 1995b) An ERA has not been performed for source areas withm the IA 

Human health and environmental nsk withm the LA will be evaluated and addressed using 
risk-based remdation approach described in RFCA The overall RFCA approach involves 
companson of nsk-based ALs to Site data to detemne whether chermcal contarmnant 
concentrahons in a given area of the Site exceed acceptable nsk from exposure to 
environmental contarmnants ALs developed for RFCA were based on protechon of human 
health The RFETS ERAM currently includes methods for calculahng overall exposure of 
receptors through mulhple pathways, and dose-based tomcity reference values (TRVs) to 
assess the tomcity of eshmated exposures However, the ERAM does not mclude values 
expressed as concentrahons that can be Qrectly compared to environmental data The 
ERAM is mdfied m thls document to include a process for developing screemg values for 
companson to COCs. 

In addmon, the ERAM is being mohfied to make it more consistent with the recent EPA 
Ecological Rzsk Assessment for Supelsfiu2d Process for Designing and Conducting 
Ecological Rzsk Assessments (Intenm Final) (1997~) Th~s EPA gudance mcludes eight 
steps to perform an ERA They are as follows 

1 

2 
3 

4 

5 

6 Site Inveshgahon, 

7 R s k  Characterm&on, and 

8 Risk Management 

Prehmary Problem Formulahon and Ecolog~cal Effects Evaluahon, 

Screemng-Level Exposure Eshmate and &sk Calculahon, 

Basehe Risk Assessment Problem Formulaon, 

Study Design and Data Quality Objechve Process, 

Field VenficaQon of Sampling Design, 

Steps 1 and 2 compnse the Screening-Level Ecological R s k  Assessment (SLERA), the 
results of whlch are used to detemne whether further data collecQon and/or nsk analysis is 
necessary The screenmg-level analysis may consist of quant&&ve or quahtahve analyses 
and professional judgement of the nsk assessors and nsk managers At the end of Step 2, the 
process includes a ScienQfic Management Decision Point (SMDP) m which nsk managers 
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make the decision whether to proceed with further data collection or analyses to support 
addibonal nsk assessment or reme&ation p l m n g  

If the need for further nsk analyses is indicated at the end of Step 2, p l m n g  for analyses 
and any additional data collection are conducted in Step 3, a sampling and analysis plan 
(SAP) is prepared in Step 4, and the plan is implemented in Steps 5,6, and 7 

The ERAM is modified in ths document to include methods for development of soil 
screening values (SSVs) for use in the SLERA pomon of the EPA process SSVs will be 
developed for COCs anticipated to be more restrrcbve than RCFA ALA The SSVs can be 
used to assess nsks in associaon with the IA mvesQgabons, as well as other ecological nsk- 
based screening activities that may be reqwed for the CRA 

The SMDP at the end of the SLERA largely depends on the uncertamty about whether 
remediation is necessary to attenuate ecolog~cal nsk at the site The SERA will be 
performed using avadable data on contarmnant concentrabons, exposure parameters, and 
knowledge of ecological effects To date, the ERA process at RFETS has included extensive 
charactenzabon of nsks in the BZ and contarmnant source areas outside the IA This 
included preparaon of a comprehensive exposure and nsk analyses for the BZ in the 
Watershed ERAS (DOE 199%) Results of the watershed ERAS mhcated neghglble 
ecological nsks throughout most of the BZ Relabvely low nsks were associated with some 
of the sediment retenbon ponds Uncertambes in the overall analysis were idenbfied 

Thus, the results of the watershed ERAS provide extensive informabon for deterrmrung the 
scope of evaluabons that should be included in the SLERA for the ERA It is anhcipated that 
nsk evaluatlons for the ERA will be l u t e d  to evaluabons of how nsks associated with pond 
sediments should be managed, and evaluatmg residual nsks after various remechahon 
activihes in the BZ and IA In addlaon, the ERA may include specific evaluahon of the 
status of nsks to the Preble's meadow jumping mouse (PMJM) and its habitat w i t h  the BZ. 
Informabon in the following secbons provides the basis for the Prelimary Problem 
Formulation and Ecological Effects Evaluatlon (Step 1) and the Screerung-Level Exposure 
Estimate and k s k  Calculmon (Step 2) associated with the SLERA for the IA The sequence 
of activities for the ERA portton of the CRA are descnbed in Figure 7-1 

uncertamty is associated with rrsks M the BZ Greater uncertamty is associated with the IA 
because an ERA has not been completed for h s  area. As noted above, ecologcal nsk-based 
screening values will be hbally developed for selected COCs so that data collected for the 
IA can be simultanmusly evaluated for ecological and human health nsks. Thls approach IS 
similar to development of prehmnary remedtation goals (PRGs) for HHRAs @PA 1991) 
(Figure 7- 1) 

Based on the mformaQon presented tn the watershed ERAS, a relabvely smaU amount of I 

6 
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Figure 7-1 Sequence of Activities for Ecological Risk Assessment Portion 
of the Comprehensive Risk Assessment 

____*---- 

- I  

I IndusWalArea I 

I Investigation I 
I I 

RFCA A b  
I 

r - - l  Agency Concurrence 

I 

Agency Concurrence Lc=1 

This document prowdes a methodology for development and use of screemg values m the 
IA or other areas that may requm risk analysis in the future As part of the Prehrmnary 
Problem Formulatlon for the ERA, results of the previous watershed ERAS are summar~~ed 
in Section 7 2 An approach for conductmg the SLERA for the IA is presented m Sectlon 
7 9 The supportmg mformabon such as problem fonndauon, DQOs, data suf€iciency, 
sources of uncertamty, and PCOC development is descnbed in Seztlons 7.3 through 7.8 
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7.2 REVIEW AND SUMMARY OF WATERSHED ERAS 

7.2.1 WATERSHED ERA METHODOLOGY 
This section presents the methods and results for the ERAs conducted for the Walnut Creek 
and Woman Creek watersheds (DOE 1995b) These watershed ERAs represented the 
ecological portions of the baseline risk assessments associated with the RCRA Rm/RIs for 
OUs 1,2,4 (in part), 5,6,7, 10 (in part), and 11 The combined watershed ERAs were 
conducted based on agreements among EPA, CDPHE, and the U S Department of Energy 
(DOE) ERAs were formerly planned for each OU, and prelimnary field mvesugations were 
conducted on that basis The regulatory agencies agreed that it was more appropnate to 
conduct the ERAS for each watershed, because the watershed scale is more relevant to 
ecological receptors than admnistratrve boundanes 

The ERAM for RFETS (DOE 1996c, 1996d) was onginally developed to support nsk 
management decisions for indrvidual OUs The approach used was consistent with a 
screening-level nsk assessment appropnate for sites where ecological effects have not been 
observed, but contarmnant levels have been measured and can be compared with 
concentrations considered protectwe of ecological receptors 

The RFETS ERAM drew information from DOE and EPA guudance and ERA tools 
developed at Oak hdge  National Laboratory (OWL) (Efroymson et al , 1997) and the 
Savannah Rwer Site (DOE 1993b, 1993c, EPA 1992d, 1994c, 1997c, Norton et al. 1992, 
Opresko et al 1994) The watershed ERAS included three phases identlfied in EPA 
guidance (1 )  prelimnary nsk calculations and problem formulahon, (2) analysis, and (3) nsk 
charactenzation 

Site Conceptual Model for Watershed ERAS 

Development of the Sitewide Conceptual Model (SCM) was the fmt step m the problem 
formulahon phase of ERAs conducted for RFETs The purpose of the SCM is to help 
idenbfy environmental stressors and the potenbal pathways by wlvch ecologd receptors 
may be exposed to them Ths  step allows investlgators to idenbfy the potenhally complete 
pathways that will become the focus of the ERA The SCM also muds in the selechon of 
measurement endpoints for use in evaluaon of assessment endpoints (Suter 1993) 

The SCM for the watershed ERAS was described and approved dmng the Tedmcal 
Memoranda (TM) process The Sitewide Conceptual Model Techcal Memoranda 
(SCMTM) (DOE 1996c, DOE 1996d) estabhshed the relat~onshp between the key 
components of the RFETS ecosystem The followmg mfomabon was included m the 
SCMTM 

Descnptlon of the environmental settmg at RFETS, inclulng the natural physical and 
biological systems and a bnef descnpuon of the pnmary contarmnant source areas or 
IHSSS, 

0 Descnphon of the important contarmnant fate and transport pathways m abiMc 
media, 
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0 Descnption of the important exposure pathways (Figure 7-Z), inclulng pnmary 
exposure media, exposure points, receptor guilds, and exposure routes, 

Descnption of receptor guilds and identification of key species in each guild to be 
used in representative exposure estimates at RFETS, 

Species-specific exposure parameters to be used m eshmahng exposure to key 
receptors, 

Measurement endpoints for whxh data have been collected 

The SCMTM (DOE 1996c, 1996d) also summanzed exishng environmental data, data 
sources, and ongoing monitoring programs 

7.2.2 Watershed ERA Data 

As noted above, prelimnary field inveshgations were performed for each OU pnor to the 
integration of ERAS into watersheds The watershed ERAS focused pnmanly on eshmahon 
of exposure from awlable data on contarmnant lstnbuhon 111 abiohc and biohc medm A 
large and comprehensive database of RFI/RI data was awlable for evaluahng contarrunant 
distnbuhon in abiotic media In adation, biological hssue samples from each OU were 
analyzed for metals and radionuclides, and these data were used to document exposures 

7.2.3 ECOC and Benchmark Methodology 

The ecological chermcal of concern (ECOC) Screenmg Methodology TM (DOE 1996c) 
describes the methodology to idenhfy ECOCs for use m the RFETS ERAS Data on 
chemcal lstnbuhon in biotic and abiohc media associated with p0tent.A contamrnant 
source areas (IHSSs) were screened using ECOC screerung methodology based on a three- 
hered approach The three-hered PCOC selechon process should not be confused with the 
Tier I and Tier II soil achon levels established in RFCA (DOE 1996a) The h t  Qer was 
mended to idenhfy site-specific contmnants for each ERA The evalumon lncluded 
stastical analyses and professional judgement and resulted in a list of PCOCs that was then 
used to detemne the COGS for the ERA ... 
The potenhal ecotoxicity of PCOCs was evaluated m the second and thrrd bers. Evaluations 
were conducted only for complete exposure pathways. The second and thud Qer screens 
each reqwred eshmates for exposure of representame or key receptors site contaminants. 
Representative species of blrds, small mammals, large mammals, and fish were selected 
based on therr abundance at RFETS, special legal status, and posihon in local food webs 
Informahon on life hstory, body size, l e t ,  and other parameters needed to estimate exposure 
were also presented in the SCMTM 
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First Tier Screen - PCOC Selection 
The potential toxicity of exposures to PCOCs was assessed in the watershed ERAS Ths  
information was then used to identify chemcals (ECOCs) for whch exposure analysis was 
conducted A prelimnary risk screen was performed for more than 150 PCOCs to identify 
those that were present at potentially ecotoxic concentrations Screerung-level assumptions 
were adopted to mnimze the chance of underesomating nsk from a gven PCOC The result 
of the prelimnary nsk screen was a list of potentral ECOCs, for which potential nsk was 
identified 

Second Tier Screen - ECOC Selection 
The Tier 2 screen was equivalent to prelimnary exposure and risk calculabons included in 
Step 2 of the most recent EPA ERA guidance (1994c, 1997c) The Tier 2 screen provided an 
efficient and conservabve mechanism to identify Tier 1 potential ECOCs that =/were 
present at potentrally ecotoxic concentrabons Esbmation of exposure and cornpanson to 
benchmarks for h s  ber involved a limted number of species The screen was conservabve 
because it assumed that receptors are continuously exposed to the hghest concentmoons 
detected The screen also evaluated potential toxicity to individuals instead of effects to 
populabons or communibes 

Third Tier Screen - Risk Characterization 
ECOCs idenofid in Tier 2 were carned into Tier 3. Tier 3 was also considered a screening 
step However, it mcluded a more accurate method for estrmating exposure than Tier 2 
because it incorporated the drstnbution of chermcals in the environment and spabal and 
temporal aspects of receptor behavior Factors such as diet, home-range size, seasonal 
rmgrabon, and body size affect the frequency, durabon, and intensity of contact with 
contarmnated medla Adjustment of exposure parameters in Tier 3 to account for these 
factors is important in obtatnmg more objectwe esbmates 

Potenoal ecotoxlcity of contarmnants was evaluated by compmng site-specific exposures to 
ecotoxicological benchmarks developed for vanous receptor species from established 
databases or scienbfic hterature The cornpanson was expressed as an HQ or the rauo of a 
site-specific exposure estmate to the benchmark (EPA 1994c) 

The potential nsk from exposure to ECOCs was further charactenzed for key receptor 
groups 
formulation step designed to be consistent mth EPA pdance  on conductmg ERAS @PA 
1994c) However, in contrast with EPA guidance, nsk characternabon was performed using 
exisbng data and toxicity inforrnabon Data were avdable on concentrabons of metals, 
radionuclides, and certsun orgamc chermcals (peshcides and polychlomated biphenyls 
[PCBs]) m aquatx and terrestrral biota m each OU These data were reliable mdrcators of 
exposure and were collected to evaluate exposure of upper level consumers to chemcals 
accumulated in forage or prey (Suter 1993) 

Benchmarks 
Benchmarks are usually selected so that sipficant ecolog~cal effects are not expected when 
exposures are lower than the benchmarks (e g , HQ < 1) Concentrabons or exposures 
exceedrng benchmarks (e g , HQ >1) do not necessanly indrcate sipficant nsk, but do 
indicate the contarmnant should be further evaluated 

The approach and methods for nsk charactenwon were desmbed ur a problem * 
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Ecotoxicological benchmarks values for the watershed ERAS were based on a database 
developed at ORNL (ORNL 1994) In most cases, benchmarks were denved from data on 
the toxicity to laboratory test animals and extrapolated to wildhfe species by scaling to body 
size and applying uncertamty factors to account for vanability among species and data types 
(ORNL 1994) The ORNL method was used to develop benchmarks for key receptor species 
at RFETS 

7.2.4 Watershed Results Summary 
The results for the previous work conducted 111 the BZ are summanzed by watershed, 
receptor group, ECOC, and ERA source areas in Tables 7-1 and 7-2. More specific results 
can be found in DOE (1995b). 

Summary of Risks to Aquatic Life 
The screen idenhfied several ECOCs in sediments but none for surface water Selment 
ECOCs included VOCs, semvolatde orgmc compounds (SVOCs), PCBs, and metals 

The maptude of sedunent HQ and HI values for some sites in Walnut Creek suggested a 
lugh level of toxicity to benthc orgarusms, especially 111 the A- and B-senes ponds farthest 
upstream and closest to the IA HQs exceeded 100 for some chemcals at these sites 
Polynuclear aromabc hydrocarbons (PAHs) were the man contnbutors to nsk esbmates at 
most sites in Walnut Creek, accountmg for 90 percent or more of the HI in Ponds A-1 and B- 
1 Fhk esbmates were much lower in the Woman Creek watershed where HIS were below 3, 
no HQ exceeded 2 6. PAHs were also the mam contnbutors to nsk eshmates in Woman 
Creek 

The nsk levels predicted by the HQ and HI calculahons were venfied using results of 
selment toxicity tests and site data on benthlc community structure The results suggested 
that although toxicity tests do not show robust tomcity, effects of sehment contmnation 
may be marufested in the benthlc community structure of the detenhon ponds However, 
other factors such as size, fluctuatrng water levels, and the presence or absence of upper 
trophrc levels are also important Potentral toxicity of d m e n t  contmnants, partmdarly 
PAHs, may be important factors m hmtmg aquahc commuxuhes if physical stress was 
reduced through a change in management of the ponds 

ECOCs identified for aqumc-feeding wildllfe mcluded PCBs (Aroclor-1254), I-n-butyl- 
phthalate (DBP), and mercury Great blue herons and mallards were identlfied as 
representatwe receptors because birds are more sensitme to many contarmnants than 
mammals 

Aroclor- 1254 was detected in sedunents of the A- and B-senes ponds with the hrghest 
concentrmons in Ponds B-1 and B-2. Avalable data on PCB content of aquatic biota 
indicated negligible levels for bxds feedmg on fish, amphbians, or invertebrates from the 
ponds. However, biological tmue data were not avwlable to evaluate the potentral nsk from 

S~mmary of Risks to AqUtic-Feeding Birds 
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all the ponds for whch PCBs were detected in selments Therefore, Site-specific data on 
uptake of PCBs by aquahc species were used to esbmate the maximum concentrabon in 
sediments that would ulhmately result in exposures of herons and mallards equal to or less 
than the TRV Esomates were based on the organic carbon content of sediments and 
calculated for a range of levels of Site use by the buds 

k s k  eshmates also accounted for the effects of food cham length on biomapficabon 
Accumulation of PCBs in upper level consumers is proporuonal to the length of the food 
cham through which PCBs are transferred from selments to top consumers (Rassmussen et 
al 1990) CalculaQons were made for two hypothebcal food chams (1) one in wbch a 
species such as fathead mnows that feed pnmanly on zooplankton and algae is the pnmary 
prey of aquabc-feedmg buds, and (2) one in whlch the m81n food source is a piscivorous 
species such as largemouth bass 

Results indlcated risks to herons or mallards are negligible if they feed on fish or 
invertebrates from lower trophc levels However, herons may expenence toxic exposures if 
they feed on upper level consumers from Ponds B-1, B-2, or B-3 more than approxlmately 40 
percent of the bme The commumbes in these ponds currently lack the upper trophc levels, 
but possible future mtroducbon of predaceous fish or other upper level consumers could 
result in increased exposure to aquat~c buds feedmg there 

Summary of Risks to Terrestrial-Feeding Raptors 
Chromum, lead, mercury, and vandum were detected m terrestrial arthropods from OU 2 
and small mammals from OU 4 and OU 6 source areas (OU 4/6 area) at concentrabons that 
could be toxic to raptors feelng extensively ~fl the mas Amencan kestrels were selected to 
represent raptors because they have relahvely small home ranges and are known to breed at 
RFETS 

Prelimnary nsk estunates mdxated chromum, lead, mercury, and vanadnun could also 
present a nsk to raptors f e e l n g  extensively m the areas around the A- and B-sen= ponds. 
Review of data revealed that vandum and mercury were detected with low frequency and at 
relatwely low concentrabons and probably do not represent an ecologcal nsk However, 
chromum and mercury concentrahons, were consistently elevated in small mammal samples 
collected fiom the pond margins The source of the elevated concentrauons m small 

sediments They were both included m the PCOCs because of samples that exceeded the 
upper tolerance h t  (UTL)99/99 for soil and sedunents. Few small mammals collected from 
sites farther fiom the ponds contzuned detectable quanbues of either metal 

Probabilisbc exposure esbmates inlcate kestrels feedmg p m m l y  on small mammals m the 
OU4/6 areas are hkely to ingest chromum and lead at rates that exceed background intakes 
and TRVs These esbmates must be considered conservabve because they assume kestrels 
feed only on small mammals, and small mammal samples from the pond areas are probably 
overrepresented in the data set Further sampling would be required to more accurately 
evaluate exposures and idenbfy the source of chromum and lead in small mammals 

Prelimnary risk estmates inlcated httle nsk to small mammals from mgesbon of 
contarmnants in RFETS source areas Bmum and selenium were identdied as ECOCs m the 

mammals is not clear because neither metal was consistently elevated rn sod or dry Y 

, 

summary of Risks to Small Mammals 
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North Spray Field (OU 6) and OU 7 downgrahent source areas, respectively Both metals 
were detected at potentially ecotoxic concentrabons in vegetahon Risk was evaluated for 
populabons of more common species and individuals of PMJM, a species of special concern 
at RFETS 

The HQ for bmum ingestion from the site was 1 05 The TRV for bmum was based on 
concentrations that produced hypertension m laboratory rats (Perry et al 1983 as cited ~fl 

Opresko et al 1994) The concentrabon on whch the NOAEL was based was the maxlmum 
dose in the study and did not affect growth or food or water consumption in expenmental 
animals Therefore, the level of nsk associated with exceedmg the TRV is unclear. Thus, 
the bmum concentrahon in vegetahon in ths source area may produce some adverse effects 
in individual animals, but the potenhal for long-term effects on growth or reproductlon is 
unclear, but appears to be mmmal 

The source of seleruum in vegetabon from the OU 7 Downgradent area although it is not 
clear Ths  area was not subject to spray evaporatlon of water from the landfill pond (DOE 
199%) The vegetation samples from the area may have included selemum accumulators 
(such as Astragalus sp ) that are common at RFETS The area represents an msipficant 
propomon of the total mesic graSSVand habitat at RFETS. However, the source area is 
located withm areas idenhfied as probable habitat for PMJM 

The TRV for selemum was based on mtakes calculated for background areas of RFETS 
(0 3 17 mg/kg/day), because it exceeded the literature-based ecotoxicological benchmark 
(0 075 mg/kg/day) Ths  suggests small mammals inhabitmg RFETS may be adapted to hgh 
ambient concentrabons of selemum common m sem-and areas of the Rocky Mounta~n west. 
However, intakes from the OU 7 area are more than twice those estimated for background 
areas and may represent a nsk to indwiduals that spend all of theu bme there 

The presence of PMJM in the OU 7 Downgrdent area had not been confmed. However, 
confmed captures have been recorded for areas approxlmately 2 2 kdometers (km) east ~fl 
npanan habitat along Walnut Creek. The OU 7 Downgrahent area does not mclude the 
well-developed npman vegetatlon of these other areas, therefore, it is probably not cntical 
habitat for the PMJM However, it is possible that mdwiduals dispersing from currently 
inhabited areas could contact vegetahon and sod 1x1 the OU 7 Downgrdent area. 

Summary of Risks to Vegetation Communities 
HQs for several inorgatllc contamrnants and metals exceeded 1 in subsurface soil and 
sediments in vanous source areas The hghest HQ for soil was due to mtrates m the OU 7 
Downgrahent area and silver m sedunents of the B-ponds The risks associated with the 
PCOCs are uncertam As noted previously, no obvious areas of vegetatlon stress were 
observed dunng field inveshgauons. It IS possible that concentrations for most ECOC metals 
in soil are witlun the range tolerated by plant species at RFETS However, the potentd 
phytotoxicity is not known because sod toxicity tests were not conducted dwng RFI/IUs. 

TRVs were not avadable for most orgmc sod or a m e n t  PCOCs HQs were well below 1 
for organrc PCOCs for whch TRVs were aviulable However, as with metals, the potenual 
phytotoxicity of most orgamc PCOCs was not quanbfied with plant toxlcity tests. 
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The descnpoon of the environmental settmg at RFETS will be revised in the CRA, includmg 
the Site charactemahon and bnef descnpbon of the prunary contarmnant source areas or 
MSSs The pnmary contarmnant source areas wdl have changed after remechauon, because 
of excavaQon, fill placement, groundwater or surface water remdahon, and cappmg The 
Site charactenzaQon will mclude a descnption of the physical charactenstm of the Site such 
as topography, geology, and hydrology, and the types and extent of plant and anunal 
commmbes present. 

After remdabon, species &versity, abundance, and habitats may sipficantly change 
Therefore, it wdl be important to consult with the RFE;=rS IMP and the Natural Resource 
Protecbon Program to d e t e m e  the following. 

e 
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Summary of Risks from Radionuclides 
Transuranic radlonuclides were identified as PCOCs for most OUs The ECOC screen 
indxated relatwely few areas with radionuclide ConcentraQons (achvities) in soil that 
exceeded TRVs Plutonium-239/240 and ~menci~m-24 1 concentraoons in soils exceeded 
TRVs in two locations in the 903 Pad source areas, and uranium-233/234 and uranium-238 
concentrabons in soil of the Old Landfill exceeded TRVs at two locations Radionuclides 
were also elevated in vegetation and small mammals collected from ERA source areas 

The potential nsks from radionuclide uptake by biota were evaluated by calculatmg the 
internal ra&ologcal dose and compmng it to the TRV The TRV was based on a benchmark 
value of 0 1 rdday,  whlch was idenbfied by hternaoonal Atormc Energy Agency (IAEA) 
(1992) as protectwe of biological receptors Results mhcated that maxmum rdonuclide 
concentrations measured in small mammals resulted in dose rates at least 1 ,OOO times less 
than the TRV The potenhal uptake by predators was also evaluated and mdxated nsks to 
predators were also not signrficant Thus, although abiobc me&a and biota contam elevated 
ConcentraQons of transuran~c donuclides, nsks of adverse effects appear to be neglisble 

7.3 SCREENING-LEVEL PROBLEM FORMULATION 

As stated prewously, the methods used to assess nsk for the watersheds will be amended to 
assess nsk after remdauon for the entlre Site Specfically, 111 the CRA Report, the 
envlronmental settmg wlll be revised after remdatron, the PCOC hst wlll be amended to 
incorporate the latest literature information avadable, and sod screemng values (SSVs) wlll 
be calculated to compare duectly with the PCOC ConcenWon data. 

Extent of wetlands habitat onsite, 

Sensihvdprotected plant species habitat (I e., Ute Wes’-Tresses) onsite, 

PMJM habitat and capture locabons onsite, 

0 Other Protected or Special Status species sightmgs or habitats on Site (e g , bald 
eagles, and peregrine falcons), and 
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0 Vegetahodhabitat types in the IA 

Site physical characteristics such as surface water and groundwater flow patterns and final 
topography are being modeled through the Site-Wide Water Balance and Land Configurahon 
Design Projects Results of these studies will be used in conjunchon with data on nature and 
extent of contammation, selected assessment endpoints, and COC screening methodologes 
to complete the Problem Formulahon phase of the ERA 

7.3.2 Site Conceptual Model 
The SCM will be amended to reflect the most appropnate ecologcal receptors. As stated m 
the SCMTM (DOE 1996d), the purpose of the SCM is to help identify environmental 
stressors and the potenhal pathways by whlch ecological receptors may be exposed to them 
This step will allow investigators to idenhfy the potenhally complete pathways that will 
become the focus of the ERA The SCM will also ard in the selechon of measurement 
endpoints for use in evaluahon of assessment endpomts (Suter 1993) 

Specifically, the CRA will update and provide the following. 

0 Descnphon of the important contarmnant fate and transport pathways m abiohc 
meha, 

Descnption of the mportant exposure pathways, includmg pnmary exposure medm, 
exposure points, receptor gwlds, and exposure routes, 

Description of receptor gudds and idenhficatron of key species m each gudd to be 
used in representahve exposure eshmates at RFETS, 

Species-specific exposure parameters to be used in eshmatmg exposure to key 
receptors, and 

0 Measurement endpoints for whch data have been collected 

7.4 DATA QUALITY OBJECTIVES 
For consistency with the HHRA process, the approach to the SLERA is presented m the 
format of DQOs Thts process should be viewed as parallel to the HHRA PPRG p m s s  

7.4.1 DQO Step 1: State the Problem 
Environmental inveshgahons at RFETS inchate release of potenhally ecotoxlc chemcals 
into the areas surroundmg the Site The Site can be lvided into two mam components IA 
and BZ The IA includes approxlmately 350 acres currently occupied by 400 bddmgs, other 
structures, roads, and utrlihes, and 1s where the bulk of the RFETS mssion activity took 
place between 1951 and 1989 Most of the buillngs and associated structures were used for 
historic processing actwity associated with weapons produchon (DOE 1999b) The IA is 
surrounded by an Inner BZ (approximately 660 acres) contammg support producbon 
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actmties (landfills, ponds, etc) The Outer BZ contiuns 5,413 acres of undeveloped land 
composed of mxed grass prame with ephemeral dramages 

To date, ecotoxicological nsks have been charactenzed only for contmnant source areas 
that occupy porhons of the BZ in the Woman Creek and Walnut Creek watersheds 

Results of the watershed ERAS (DOE 1995b) inlcated mnimal or negligible nsks for most 
of the area evaluated Some m i m a l  nsks were identified based on PCB exposures in pond 
sediments, and some potential hot spots of soil contarmnation These nsks were based on 
nsks to individual organisms that may contact contammated me&a in the areas m queshon 
However, the analyses suggested little or no risk to populahons of receptors in the area 

The IA was not included in the watershed ERA because envmnmental inveshg&ons in the 
area had not progressed sufficiently to allow adequate evaluahon of ecologcal or human 
health nsks 

RFETS closure activities are conducted in accordance with RFCA, whch includes nsk-based 
human health ALs on whch future assessment of envuonmental nsk and successful 
remelahon will be based The ALs are expressed as concentrahons, and are used for 
compmson of contmnant concentrahon data Ecotoxicologically based screerung values 
are being developed to provide a way for contmnant concentrabon data to be compared 
aganst ecological data for potenhal ecological nsks in the IA and m future ERA achwhes 

The problem to be addressed by the CRA ERAM can be expressed as the followmg 
objectives 

1 Review nsk charactenzaon presented in the watershed ERA - Since completton of 
the watershed ERA, sigmficant ecological data have been collected at RFETS through 
the annual ecologcal momtonng program As a result, ad&bonal mformatm is 
avadable to help reduce the uncertamty associated with conclusions of the watershed 
ERA 

2 Evaluate potenhal for ecological nsk from PCOC htnbuhons 111 the IA. The IA has 
been lughly developed and contans little valuable ecologd habitat. However, 

assessment of the area is r e q d  to d e t e m e  whether rem&&on is necessary to 
reduce ecologml nsk from chemical stressors. l h s  effort should 111clude assessment 
of potenhal exposures withm the IA, as well as a summary of studm regardmg 
potentml mgrahon of contarmnants from the IA to downgmbent mas 

future land use at the IA may allow for development of wddhfe habitat. Themfore, I 

7.4.2 DQO Step 2: Identify the Decision 

As noted previously, the imhal portion of the CRA ERA is eqluvalent to an expanded version 
of Steps 1 and 2 of the EPA process for conductmg ERAS at Superfund sites (EPA 1997c) 
The nsk assessment mcludes the following general quesbons 

0 Are adequate data available to conduct the ecologcal screemng evaluwon? 
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Is adequate informahon avadable to conclude that ecological nsks are negligible and 
remediation to attenuate ecological nsks is not necessary? 

This general decision can be subdivided into the following decisions 

1 Has the nature and extent of chemcals, metals and radionuclides withn MSSs, PACs, 
UBC Sites, BD Sites, and WS Areas been identified with adequate confidence, based on 
site hstory (process knowledge) and analytical data? 

2 Are residual long-term ecological risks in the IA and BZ acceptable, based on post- 
closure uses? Residual nsks are those that will remam after remediahon, if any, is 
conducted If remedabon is not conducted in an area, nsk assessment wdl be based on 
existing data If residual concentratlons exceed screening levels, further evaluatlon, 
management, or remediahon is necessary 

a. Ths decision will be based aggregatmg data from habitat “patches” for compmson to 
screening values For terrestnal habitats, a patch will be composed of a designated 
area, such as a mesa top or segment of npman comdor For aquahc habitats, stream 
segments and ponds (1 e , impoundments) will composed habitat patches Patch 
designahons will be made on a case-by-case basis and subject to concurrence by the 
regulatory agencies pnor to finalization 

b For assessment of nsk to nonprotected species, nsk assessors will have the choice of 
compmng the maximum concentration or an area-weighted average from a patch to 
the corresponding screening levels If an area-weighted average is used, the 95% 
(1 e , alpha = 0 05) UCL of the mean will be the parameter compared to the screening 
level 

c For assessment of nsk to protected species (e g , Zapus hudsonzus preblezz), 
maximum concentrahons wdl initmlly be compared to the screerung levels If the 
maximum concentrahon in a habitat patch exceeds the screerung level, each sample 
result that exceeds the screening level and the corresponlng locatrons will be 
iden ti fied 

3 Is further nsk charactenzabon necessary to make remdal decisions about the RFETS 
Site or parts thereof3 If further nsk charactenzabon is necessary, wdl more extensive 
analysis of exisbng mformahon be sufficient? 

7.4.3 DQO Step 3: Identify the Inputs to the Decision 
The informahon needed to resolve the CRA decision statements is listed below. 

1 Data and results from previous ERAs conducted at RFETS, 
2 Ecological data that have become avadable since the completion of previous ERAs 

(e g , the Integrated Ecologcal Monitonng program), and 

3 Existmg data for areas under considerahon Ths may include data from RI reports, 
RFURI Reports, FS/ CMS, Remedal Achon Reports, IMP Reports, Pre-Demoliuon 

70 



Drafr Comprehensrve Risk Assessment Methodology 

Survey Reports, and other projects and data sets, including IASAP-generated, 
histoncal, and IMP data (e g , concentrahons of COCs in surface and subsurface sod, 
surface water, groundwater, aw, and biota), that will be used as inputs to the CRA 

4 Data on lstribution of environmental contarmnahon within the IA These data will 
be collected based on the IASAP (DOE 2000) The sampling plan will consider 
avadable information, sampling data, and nsk assessment requirements, as 
documented in the CRA Methodology ThIs data will be used to deterrmne an 
adequate sampling plan for MSSs, PACs, UBC Sites, BD Sites, and WS Areas to 
support CRA decisions 

5 Data from sources idenhfied above will be screened through the DQF for each type of 
environmental medium as prescnbed in th~s CRA Methodology Ths will ensure the 
reliability of the data used in the nsk assessment 

6 Ecotoxicologically based screerung levels for abiotic environmental medla will be 
needed to screen the data set resulting from the DQF 

7.4.4 DQO Step 4: Define the Study Boundaries 

Decision boundanes are used to deternune the areas from whch data will be used, and 
identrfy where future samphng will occur. These decision boundanes are listed below. 

Only data from charactemahon and remdahon achvihes will be used Thus is 
anticipated to include the areas around the A- and B-senes ponds In no event wlll 
the assessment area extend beyond the current RFETS boundary 
A CRA contmnant transport modeling effort will include assessment of the ax and 
surface water pathways on a Sitewide basis The ERA portlon of the CRA will 
consider PCOCs in surface water, but will not include the a r  pathway The 
contarmnant load to surface water includes COC transport from surface soil, 
unsaturated and saturated zone sod, bu l lng  debns, and sedlments The modellng 
effort wdl support the denvahon of EPCs for land uses identified on Figure I of 
Attachment 5 to RFCA (DOE 1996a) 

3 Soil will be assessed generally from the land surface to the top of the saturated zone 
or top of bedrock, as appropnate 

1 

2 

7.4.5 DQO Step 5 Develop a Decision Rule 

The decision rules that descnbe how the data will be evaluated are listed below. The cntexia 
used to deterrmne whether ecolog~cal nsks are acceptable are listed below 

1 If maximum concentrahons for a gwen area are equal to or less than the 
corresponding screemng level, then no further analysis or remediahon is needed 

2 If 95% UCL of the mean for a gwen patch is equal to or less than the screening level, 
then nsks will be considered acceptable and no further analysis or redation IS 

needed 
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3 If the screening level is less than the specified parameter (maximum or 95% UCL), 
then further analysis, management, or remdahon is necessary Further analysis can 
be quantitative or qualitative in nature 

7.4.6 DQO Step 6: Specify Tolerable Limits on Decision Errors 
Sources of uncertambes in the nsk assessments will be identrfied and mnirmzed 

7.4.7 DQO Step 7: Optimize the Design 
The nature and extent of COCs in MSSs, PACs, UBC Sites, and WS Areas will be assessed 
to support the CRA The nature and extent of COCs in MSSs, PACs, UBC Sites, and WS 
Areas in the IA will be detemned according to the IASAP The nature and extent of COCs 
in MSSs, PACs and WS Areas in the buffer zone wdl be detemned accordmg to the 
BZSAP (to be completed in FYO1) The nature and extent of COCs m BDs will be 
detemned using the buildmg-specific Pre-Demolihon Survey Reports 

7.5 DATATYPES 
The CSMs suggest that ecological receptors may be exposed to KOCs in abiohc and 
biological medla For purposes of the nsk assessment, the inhalahon exposure route will be 
considered insigmficant compared to ingestron pathways for terrestrial wildlife (EPA 2000b) 
Biological hssue analysis results will not be used in the mhal phase of the IA and CRA 
assessments However, potenual uptake of PCOCs into prey and forage species will be 
considered m development of the screerung levels Therefore, data on PCOC concentrahons 
in soil, surface water, and sedunent will be evaluated to support the CRA 

For the IA, addihonal soil sampling will be conducted to support the remedlatron and nsk 
assessments PCOC concentmuons in soil and sedtment should be expressed as “total 
recoverable” (e g , sample prepared for analysls by EPA Method 3050 or eqwvalent) PCOC 
concentrahons in surface water that are to be compared to water quahty standards for 
protechon of aquatrc life should be expressed as “&ssolved” (i e., filtered with a 0 45 pn 
filter pnor to analysis) l h s  is because water quahty standards are based on the dmolved 
frachon Surface water data used to assess nsks to wrldhfe drrnlung the surface water will be 
based on “total recoverable7’ (1 e , unfiltered) analyses. 

For new data to be collected as part of the IA mveshgahon, laboratory analytlcal methods 
will be selected to provide data with adequately low method detechon huts (MDLS), and 
prachcal quanutahon limts (PQLs) to allow m e m g f d  comparison to ecolog~cal screening 
levels rn abiotic m d a  

In addition to the cornpanson of screerung levels k t l y  to analyt~cal data, potentlal future 
exposures will be estimated by modeling contarmnant fate and transport In pmcular, 
models wdl be used to esbmate PCOC concentraon m storm water runoff from potenhdly 
contammated soils and groundwater that may surface at seeps d o w n e e n t  of the LA Both 
sources of water codd contact aquatic biota or wddhfe. 
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7.6 

Adhenng to the specificahons of the DQOs as outlined above wdl ensure the adequacy of 
data for use in the ERA In addition, use of the DQF (descnbed in Sechon 2 2 and 3 1 1 
above) will help ensure that the quality of data is consistent with RFETS standards 

DATA SUFFICIENCY FOR ECOLOGICAL RISK ASSESSMENT 

7.7 SUMMARY OF MAIN SOURCES OF UNCERTAINTY 

Many sources of uncertamty are associated with ERAs and other environmental 
investigations Suter (1990) idenhfy three man categones of uncertamty sources 

The fundamentally stochashc (random) nature of the envuonment, 

Incomplete knowledge of the system under study, and 

Uncertamty associated with execuhon of the study 

The stochashc vanability of nature can be quanhfied and charactenzed but not reduced, 
because it is a fundamental property of the system. Some aspects of ecologcal systems are 
predictable at some level, but the components that are amenable to measurement often have a 
significant amount of random vmabdity associated with them Vanability w i h n  a data set 
can be reduced by narrowing the scope of sampling to include items of sirmlar qualihes, such 
as collecting only female rmce of a certam age and weight However, the general 
applicability of the results is proporhonately narrowed 

The second source of uncertamty refers to scientlfic ignorance of the system under study 
Ths source is theoretmlly reducible, but only at the considerable cost of exhaushve 
sampling or expenmental mampulahon The goal of the IA and BZ Charactem-on and 
subsequent nsk assessments is not to elimnate uncertamty. Rather, the uncertamty should be 
charactenzed in a way that allows it to be used in malung mformed nsk management 
decisions (EPA 1988a) Thls type of uncertamty has tradrbonally been countered by 
apphcahon of conservahve assumphons, but ths pract~ce can lead to inconsstent eshmahon 
of nsk, take accurate estunates of uncertamty out of the declsion process, and generate “false 
positives” (Paustenbauch 1990) Nevertheless, assumphorn were r e q d  m the exposure 
analyses and toxlcity assessments (development of TRVs) because of lack of more accurate 
or Site-specific mformahon Therefore, where needed, assumpbons were conservative to 
ensure all exposure and nsk estmates were biased in one dmcbon and the chance of 
undereshmahng nsk was mnmuzed (EPA 1994) 

The thlrd source of uncemnty involves execuhon of data collechon and analysis This 
source of uncertamty includes inappropnate sampling locat~ons, inaccurate or mconsistent 
sample collechon methods, and data recordmg errors This type of uncertamty should be 
addressed in quality assurance (QA) plans and Site au&ts Sampling for the RFETS ERAs 
was performed in accordance with standard operatmg procedures (SOPS) for collection of 
ecological data at the Rocky Hats Plant (DOE 199 l), and field au&ts were conducted by 
independent EG&G Rocky Flats, Inc (EGBtG) and DOE contractors 

Biological Ussue samples were collected and analyzed for specific contarmnants such as 
metals, radionuclides, and PCBs Chermcal concentrations in tssues are generally the most 
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reliable indlcator of exposure for chemcals, such as those that are not rapidly metaboltzed 
(Suter 1993) Ecological effects were extrapolated from surrogate measures or short-term 
analyses such as toxicity tests Toxicity tests were conducted at RFETS for surface water 
and sediments, but not for soil 

Specific sources of uncertamty, assumphons, and potential effects on interpretahon of results 
are summanzed in Table 7-3 

7.8 PCOC LIST DEVELOPMENT 

A Sitewide PCOC list will be developed in a process that wlll combine (1) previous nsk 
assessment results (ECOC hst) from the Site, (2) elirmnate analytes with naturally occumng 
background concentrahons, (3) elimnate chermcals charactenshcally too volatde to survive 
in surface soil for any significant length of time, and (4) group together analytes that have 
simlar toxlcity charactenstics such as PCBs, PAHs, and phthalates 

7.9 DERIVATION OF ECOLOGICAL RISK SCREENING CRITERIA 
As noted previously, the RFETS ERA methods are being amended, m part, to mclude risk- 
based screening cntena for soil Screening cntena will be expressed as concentrahons (e.g., 
m a ) ,  and so thus can be compared &rectly to data on PCOC concentrahons m sod The 
cntena will be developed for vmous types of receptors (omtuvorous mammals, buds, etc.) 
and will represent ecotoxicologrcally 'safe' exposures for each of the PCOCs to each 
receptor group Tlus approach is sirmlar to development of PRGs for " R A s  (EPA 1991), 
and allows more efficient evaluahon of enwonmental data for possible nsk of toxic 
exposures 

As noted previously, nsks to ecolog~cal receptors 111 the BZ were evaluated in the watershed 
ERA Therefore, adhhonal exposure and effects assessment is expected to focus on the LA, 
which currently does not contam sigmfkant ecologcal habitat ERA actwihes m the IA wdl 
focus on assessing potenhal ecotoxicologml nsk from residual contammahon in sod 
Therefore, development of screemng cnteria for soils represents an important data need for 
completing the ERA 
Screening cntena will be developed by mulhple methods Cnterra developed for other sites 
or programs may be used directly for the ERA if the assumphons underlymg the 
development of the cnkna are applicable to RFETS Potenbal sources for such cntena 
include draft EPA ecologcal soil screening levels (EcoSSLs) and published methodology for 
denving the cntena (EPA 2000b) In addtron, the government of the Netherlands has 
published sod screemng gwdelmes for pesocides and metals in soil (FUVM 1997% 1997b) I 
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SSVs from each of these sources will be used as appropnate In adchhon, EPA descnbes a 
process by which data on toxicity and bioaccumulation can be used to develop SSVs This 
method, combined with data on toxicity and bioaccumulation, wdl be used to develop SSVs 
for which previously developed SSVs are not avalable Species may contact soil 
contmnants through incidental ingestion of soil dunng feedmg, or through ingestion of 
vegetation or prey items that have become contmnated through contact with soil 
Estunahon of SSVs must consider both components The general approach to calculatmg 
SSVs from avalable informahon is discussed below 

In cases where applicable screening cnteria are not avadable for a partxular PCOC or 
receptor, screening critena may be developed specifically for apphcahon at FWETS The 
screemng critena, as well as methods used to identify them, may be updated as needed to 
include future developments in toxicological informahon, methods to evaluate 
bioavalabihty, or other factors that may affect eshmahon of screemng cntena 

7.9.1 Basic Approach for SSV Estimation 

The convenhonal approach to eshmating nsk of toxicologcal exposure has been to compare 
the eshmated exposure or dose for a given site or chemcal to benchmark exposures 
associated with a known response The benchmark value is the TRV. In nsk screens, the 
TRV is usually associated with negligible toxicity and thus represents a “ d e ”  exposure 

Results of thrs compmson are often expressed using the HQ approach @PA 1997c), whch is 
the raho of the estimated exposure to the TRV 

(Equabon 7-1) 

where 
HQ = hazard quotient (unitless) 

Dose 
TRV = toxicity reference value 

= dose, or total mtake of the potenhally toxic chermcal 

An HQ of less than or equal to 1 indxates exposures are less than the TRV and are usually 
associated with neghgible nsk An HQ greater than 1 mdcates exposures exceed the TRV 
and further analyses may be necessary to charactenze the extent and magmtude of nsk k s k  
esumates usmg thrs approach depend upon accurate eshmation of dose and development of 
reliable TRVs 

As noted above, dose can have at least two components 

Dose,oId = Dose,& +Dose,,  (Equahon 7-2) 

Food items, whether plant or arumal, may take up contaminants from contact with soil The 
extent to which thrs occurs can be descnbed by a bioaccumuhon factor (BAF) Given the 
concentrahon of a chermcal m soil ( C f d )  and a BAF, the concentrahon of a chemcal in a 
pmcular food ( C f d )  item can be estimated as 
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C f d  = Csoll * BAF (Equation 7-3) 

In many cases, BAFs vary inversely with soil concentration Therefore, use of one BAF for 
all soil concentrations may overestimate exposure at higher soil concentrations, and 
underestimate at lower Csal The draft EPA guidance (EPA 2000b) on calculating SSVs 
accounts for th~s phenomenon by using chermcal-specific BAF equations generated from 
regression analysis to esbmate SSVs SSV esbmation for RFETS may also use such 
equabons However, for simplicity, the following discussion assumes constant B AF values 

SSV development involves using these relabonships to identify the Csod that results in an 
intake of a chemcal equal to the TRV (I e ,  HQ = 1) 

When the BAF is used in standard chemcal intake equabons (EPA 1997c), the HQ is 
esbmated as the following 

[ i ( B A F ,  * p ,  *IR, *AF,)+(P,  *IR, *AF,)  *C,,,, *AUF 

27?V 
1 (Equation 7-4) 1=l HQ = 

where 
BAF, = 
P# = 
IRf = mgesbon rate of food (kg food/kg body Wday) 
AFf = gastrointestmal absorpbon factor of food (umtless) 
Ps 
AF, = gastromtest.mil absorpbon factor for soil (umtless) 
Csocl = PCOC concentrabon in soil (mgkg) 

AUF = 
TRV = toxrcity reference value (mg PCOC/kg body wt/day) 

bioaccumulabon factor for the ith prey item from soil (umtless) 
propomon of the ith prey item of the total &et (umtless) 

= soil mtake as a propomon of letary intake (umtless) 

area use factor (propomon of f d n g  range being assessed) (unitless) 

If the AF,, AFf, and AUF are assumed to have values of 1, Equahon 4 can be solved for 

TRV * HQ 
IR, *(e + BAF,) Cm,= (Equahon 7-5) 

If the HQ is assigned a value of 1 to represent exposure qual to the TRV, the resultmg 
equation can be used to esbmate the SSV 

TRV 
IR, *(e + BAF,) 

For cafn~vorous mammals and birds (upper trophic level) 

SSL = 

or 
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TRV 
%&red = 

IRr * (P, + (BAF, * BAF, )) 
(Equation 7-7) 

where 
BAFk = Bioaccumulation factor for transfer of (PCOC) from first trophic 

level prey items to second trophlc level consumers (1 e , small 
mammals) 

It should be noted that if small areas are being considered, or gastrointestmal absorpbon 
efficiencies for specific chemcals are known, the AUF and AFs can be set to values other 
than 1 and used to calculate SSVs Baseline calculation of SSVs for RFETS assigns values 
of 1 to these factors because thls approach is consistent with EPA guidance for screening- 
level assessments in whch consexvatwe assumphons are made to avoid underestunatmg nsk 

7.9.2 Receptor-Specific SSV Estimation 
The assessment endpomts for whlch exposure to soil is an important pathway are mammalian 
and avian wlldhfe TM-2 of the RFETS methodology idenhfies species of wildlife to 
represent the general assessment endpoints for ERAS TM-2 also idenbfies the intake 
parameters for estmatmg &etary mgesuon rates, home range sizes for assignmg AWs, and 
approximate Qetary composibon for the representatwe species 

Calculation of specific SSVs for representahve species will be presented m an attachment to 
the CRA Methdology. Intake parameters, BAFs and equahons, and TRVs will also be 
presented in the attachment Each of the factors may be updated as adcbbonal or better 
information for eshmatmg the parameters becomes avdable 

7.9.3 Use of Criteria 
As noted in Secuon 7.1, the iruhal phases of the CRA and IA ERAS is structured to be 
consistent with the screemng-level nsk assessment porhons of EPA's eight-step process 
(EPA 1997c) However, unhke most other screenmg-level nsk assessments, a substanhal 
amount of informWon is avdable for evaluatmg ecolog~cal nsk at RF'ETS, mcludrng a 
comprehensive evaluatron of ecolog~cal nsk for the BZ. In additron, mrnexbmon has been 
and will be conducted wthm the IA and BZ as part of the overall closure strategy As a 
result, the CRA approach mcludes a more comprehensive Screerung approach to make full 
use of the exlstmg informahon and account for nsk reducuons resultmg from remexbal 
actions 

In accordance with EPA pdance, nsk managers and nsk assessors will use the informauon 
generated by the Screen to d e t e m e  whether addmonal nsk analysis is necessary to make 
decisions on whether remdaQon is necessary to reduce nsk to ecological receptors 

h s k  screerung cntena wlll be used to assess the potenhal for ecotoxlcity by compmng 
cntena Qrectly to Site data If PCOC concentrations in the samples of concern exceed the 
nsk cntenon, then further acbon is reqwred Further acbon can be defined as further 
qualitatwe and/or quanutatwe data analysis of existmg data, assessment of uncertainty, 
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collecbon of additional data to reduce uncertamty, or remedial action to reduce the 
exposures 

The approach to comparing screening critena to Site data may vary with the specific 
applicabon Screening critena are esbmated to represent safe exposures for chronic exposure 
of individual organisms Therefore, selecbon and aggregabon of Site data for companson to 
screening cntena must consider the overall assessment endpoints and final objecbve of the 
nsk evaluabon and subsequent actions that may occur Except for protected species, 
assessment endpoints are intended to protect populabons of receptors at RFETS 
Compmson of PCOC concentrations from mdwidual grab samples may be overly 
conservabve because the results from one locmon may not adequately represent nsk 
throughout the population or habitat at RFETS However, assessment of indmidual sample 
results may be desirable if decisions regardmg specific acbons at a parhcular locabon depend 
on the compmson, such as dunng removal acbons 

When the objective is protection of populahons, data from habitat “ patches” should be used 
to calculate the 95 % UCL of the mean, whch is then compared to nsk cntena A habitat 
patch is meant as a contiguous porhon of vegetabon cormnumty or designated wildlife 
habitat In most cases, this approach is probably overly conservabve rn that each patch hkely 
does not represent a viable populabon without emgrabon and imrmgrabon from nearby 
patches and metapopulabons However, such an assessment wdl allow nsk managers to 
determine whether more intensive studles are needed 

For assessment to individuals, the 95% UCL for areas the size of an indmdual home range 
can be used for companson to screemng cnteria The approach to data a g p g a o n  may 
differ with the assessment endpoint or amount of data avadable for a p e n  area. In any case, 
the uncertamty of any data aggregabon scheme should be clearly descnbed 

4 

7.10 SCIENTIFIC-MANAGEMENT DECISION POINT FOLLOWING 
SCREENINGLEVEL ASSESSMENT 

As dtscussed ln previous secbons, the eight-step EPA ERA gwdance (EPA 1997c) includes 
speclfic decision points at which nsk assessors and nsk managers convene to determine the 
k b o n  of the ERA The decision polnts are SMDPs. At the end of the SLERA in Step 2, 
an SMDP occurs to detemne whether addbonal analyses are needed The decision at ~s 
point has three possible outcomes 

a 

1 There is adequate informabon to conclude that ecologcal nsks are negligible, and 
therefore, there is no need for remdmon on the basis of ecologd nsk 

2 The information is not adequate to make a decision, and the ERA process should 
conbnue 

3 The informmon indicates a potenbal for adverse ecological effects and a more 
thorough assessment is warranted 

For RFETS, a substantial amount of data 1s available to conduct the exposure and nsk screen 
In adhbon, previous ERAS included extensive exposure and nsk screemng for source areas 
in the BZ, and effect-based data (e g , toxlcity testing and chemcal residues) on direct 
effects Results of the watershed ERAS indcated very lmted ecological nsk, pnmanly 
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associated with the A- and B-senes retenhon ponds The uncertlnties identdled in the 
watershed ERAS will be addressed in the CRA using ecological and chemcal data, and 
results of surface water and groundwater, water balance, etc , modeling As a result of the IA 
investigation, soil with PCOC concentrations m excess of screemng levels will have been 
removed Therefore, no addihonal risk analysis will be necessary to detemne future 
remediation needs for the IA Results of the SMDP will be documented in the CRA report as 
appropnate 
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8.0 COMPREHENSIVE RISK ASSESSMENT REPORT ORGANIZATION 

The CRA report will be wntten as a “stand-alone” document for RFF3TS and will support the 
selection of the final remedial design and regulatory closure of the Site The report will 
contain the following sectrons 

Executrve Summary, 
Section 10  Introducbon, 
Section 2 0 Site Description, 
Sectron 3 0 COC Identrfication, 
Sectlon 4 0 
Sectron 5 0 Exposure Assessment, 
Section 6 0 Toxicity Assessment, 
Section 7 0 
Sechon 8 0 Summary, 
Section 9 0 
The following sectlons descnbe the contents of each sechon of the CRA report These 
subsectrons lscuss only mmmum information for the CRA Addrbonal mfomabon may be 
included that descnbes the methodologies, approaches, and results. 

Executive Summury 
The Execuhve Summary will be a stand-alone document that concisely sumfnatlzes the 
results of the CRA and includes any supportmg informahon as necessary 

Section 1.0 Introduction 
The Introduction will summanze purpose, scope, objectmes of the CRA, and organnabon 
RFCA requirements and a chronology of the previous invesbgabons and accelerated achons 
will also be &scussed 

Scenano and Pathway Identification, 

Rrsk Characterrzation and Uncertamty Analysis, 

References, and Appendices 

Section 2.0 Stte Description 
Ths section wlll present a bnef summary of previous reports that provide a descripbon of the 
current dispositron of MSSs, PACs, and UBC sites, remedial acbons completed, c m n t  site 
configuration, meteorology and climate, hydrogeology, flora and fauna; demographlcs and 
local land use, detemnabon of potentral contmnants of concern, nature and extent of 
contammation, and contarmnant rmgratron pathways Tables, figures, and maps wdl be used 
to summanze accelerated act~ons, contmnants Emmng;  mecha at the site; general and 
specific site areas and locat~ons, and residual contarmnant detecbon locahons. The reader of 
the CRA report wdl be referred to source documents for further &tad 

Section 3.0 Human He& COC Identi’ation 
The COC identrficmon methodology and its applicmon m the selecbon of COCs will be 
presented Background compmsons for inorgarucs and radionuchdes mcludmg applicable 
statistical tests and resultmg potenbal COCs, will be dsscussed The COC screesung 
methodology will be presented and applied to denve a list of COCs to be c m e d  through the 
risk assessment Tables 3- 1,3-2, and 3-3 in thls CRA Methodology provide examples of 
summary statisbcs and the resultmg COCs, Figure 3-1 shows the COC process 

Y 
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Section 4.0 Human Health Scenario and Pathway Identrfication 
Development of exposure scenarios and identification of exposure pathways will be 
dscussed in relahon to potential land uses The CSM will be presented A discussion will 
be provided for each current and potential onsite and offsite land use and associated exposure 
scenanos Potenhal receptors for each land use will be identified, and justificahon of the 
select~on of exposure pathways in the CSM wdl be provided 

Sechon 5.0 Human Health Exposure Assessment 
This section will first present pathway-specific information such as intake equations and 
modeling data, followed by informahon that is both scenano-specific and pathway-specific 
such as exposure parameters and exposure concentrahons Where modeling is used to 
provide exposure concentrations, a bnef summary of the model wdl be provided The 
calculated EPCs and chermcal intakes will be presented for each scenario and potenhal health 
outcome Tables and figures may include model applications, chemcal-specific constants, 
intake equations and parameters, and resulting receptor intakes Tables 6-1,6-2, and 6-3 in 
th~s CRA Methodology provide examples 

Section 6.0 Human Health To&@ Assessment 
The toxlcity assessment wlll prowde toxicity mformahon for COCs, includmg carcinogemc 
and noncarcmogenic toxlcity factors, cntIcal effects, uncemnty or mdfying factors, and 
sources Tables will be used to summanze toxlcity values for each COC, with toxicity 
profiles where apphcable presented as text Tables 343-5 ,  and 3-6 in thls CRA 
methodology provide examples of summary toxlcity information 

Section 7.0 Characterization and Uncerkainty Anatysrs 
The nsk charactenzation will present the methodology and results of combining the 
informahon provided by the exposure and toxicity assessments The results provide 
numencal estunates of potenhal health carcinogemc nsks, noncarcinogeruc health hazards, 
and rdologcal dose The nature and weight-of-evidence supportmg the nsk eshmates and 
the magnitude of uncertamty will be dlscussed Pathway and exposure scenano-specific 
carcinogemc nsks noncarcinogemc HIS, and radmon dose wdl be presented and dlscussed 
Sources of uncertamty and their potenhal impact on the assessment will be presented Monte 
Carlo analysis may be included. Tables 61,6-2, and 6-3 of ths  CRA Methodology provide 
examples of the nsk and dose charactenzation calculations 

Section 8.0 EcologicQl Screen Res& 
Th~s sechon wdl present the results of the h e c t  cornpanson of the screen cntena aganst the 
Site envlronmental data for the IA. In addhon, th~s section wlll present any addhonal 
analyses on the Site BZ envlronmental data deemed appropnate 

Section9.0 Smmary 
The Summary wlll present an overview of the methodology implemented for the CRA and 
the results Text, tables, and figures wdl summanze the entm CRA The section will also 
include summary tables of nsk and dose, and a dscussion of nsk dnvers and associated 
uncertamhes 

* 

Sectwn 10.0 References 
l h s  sechon will include all references used throughout the CRA 
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Appendices 
Appendxes will include adloonal informaoon that may be helpful to the reader about the 
background assumptions or approach to any aspect of the CRA The following items bnefly 
descnbe potential contents for the appenhces to the CRA Additional appendices may be 
needed 

Data Summary - This section will present data used in the report and hscuss data 
sufficiency, screening and cleanup 

Background Companson - Ths appendix will lscuss the background analysis 
process and results Using stat~st~cal analysis, inorganic chemcal concentrmons or 
radionuclide activities at or below background levels will be elimnated from further 
consideration 

Fate and Transport Model Descnphons and Applications - This appendur will 
provide a detaded descnptton of the models used in the CRA, includmg 
methodologies and assumphons Apphcmons of each model wdl be described and 
discussed Examples of models lnclude groundwater modeling, soil-gas modehug, 
and atmosphenc modeling 

95% UCL calculations for Human Health COCs - Ths appendix will provide a bnef 
description of the methodoloBes and assumpttons used to detemne the 95% UCLs 
for the COCs It may also include tables to summanze the results of the calculations 
for each COC 

Ecological fisk-Based Screening Cntena - Thls appendix will present the nsk-based 
screening cntena for soil The cntena will be developed for major receptor groups 
onsite (omnivores and mammals, piscivorous birds, etc ) 
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